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1.0 INTRODUCTION AND DESCRIPTION OF THE WATERSHED

Short Creek Dam is located in northern Burke Coumtyorthwestern North Dakota (Figures 1 and 2).
The reservoir was created for recreation in 196thbyNorth Dakota Game and Fish. It has a surface
area of 108.1 acres, an average depth of 11.4fekd maximum depth of 27.6 feet (Figure 3). The
watershed flows northward and empties into the iISRiver in Saskatchewan, Canada. The Burke
County Soil Conservation District Board has recdigegreat deal of public comment on the importance
of Short Creek Dam as a recreation location, scettsea strong desire to maintain the fishery al age
keep the lake aesthetically pleasing for the pethleuse it. Table 1 summarizes some of the
geographical, hydrological and physical charadiessf Short Creek Dam.

Location of Short Creek Dam in North Dakota
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Figure 1. Location of Short Creek Dam in North D&ota.
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Figure 2. Location of Short Creek Dam and Watersad.
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Table 1. General Characteristics of Short Creek Danand the Short Creek Dam Watershed.
Legal Name Short Creek Dam

Major Drainage Basin | Souris River
ND-09010001-001-L_00

Assessment Unit ID

Nearest Municipality Columbus, ND

County Burke County, ND

Eco-region Northern Dark Brown Prairie in the Northern
Glaciated Plains

Latitude 48.99164

Longitude -102.78601

Surface Area 108.1 acres

Watershed Area

133,600 acres (124,640 in US/ 8,960 in Canada)

Average Depth

11.4 feet

Maximum Depth 27.6 feet

Volume 1,238.7 acre-feet

Tributaries Un-named tributaries

Outlets Souris River (in Saskatchewan, Canada)

Type of Waterbody Constructed Reservoir

Cool water — walleye, yellow perch, northern pike

Fishery Type

1.1 Clean Water Act Section 303(d) Listing Informaibn

Based on the 2008 Section 303(d) list of impairatens needing TMDLSs, the North Dakota
Department of Health (NDDoH) has identified Shore€k Dam as fully supporting but
threatened for recreational beneficial use dueutaent enrichment/eutrophication and biological
indicators, and fully supporting, but threateneddquatic life beneficial uses due to
sediment/siltation, nutrient enrichment/eutropharabiological indicators, and low dissolved
oxygen levels (Table 2). Fish and other aquatitabiihabiting the reservoir are threatened
because accelerated eutrophication as a resuliteént enrichment from the contributing
watershed.

Table 2. 2008 Section 303(d) TMDL Listing Inform&ion for Short Creek Dam.

Short Creek Dam
ND-09010001-001-L_00

Waterbody Name

Assessment Unit ID

Class Class 1, Capable of Supporting a Cold Water Fishery

Impaired Designated Uses Recreation, Fish and Other Aquatic Biota (fully poging
but threatened)

Causes Nutrients (Enrichment/Eutrophication), Dissolvedy@en,

Sedimentation/Siltation, Biological Indicators
Priority High
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1.2 Topography

Topography within this area of the Northern GlasibPlains is generally flat with occasional
“washboard” undulations. Local relief is typicalBss than 25 feet. It contains a high
concentration of temporary and seasonal wetlantdsasimple drainage pattern. Elevation
ranges from 1980 to 2220 feet (MSL) and the comswls include Williams, Bowbells, Zahl,

and Noonan, with Hamerly and Parnell soils in lo@es and depressions. These soils are very
deep, well drained or moderately well drained, fomched in glacial till. Permeability is moderate
to slow. (USEPA, et al. 1998)

1.3 Land Use/Land Cover in the Watershed

Land use in the watershed is primarily agriculty@a percent), consisting of cash crop production
and livestock grazing. Forty—five percent of tigeieultural land is actively cultivated, tilled

mainly for durum, spring wheat, and other smalirggaand 52 percent is in pasture/haylands
(Figure 4). Three percent is in low density urbamelopment. There are 14 animal feeding
operations within the contributing drainage (Figbje

Short Creek Dam Pasture/Hayland/CRP
Small Grains/No Till
. Small Grains/Twice Chiseled and Row Crops

. Fallow

. Water

Figure 4. Land Use Map for Short Creek Watershed
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Short Creek Dam

The green lines in this figure indicate the direwati
of water flow through the cell. The red squares are
the concentrated feeding areas.

Figure 5. Location of Concentrated Feeding Operatios in the Short Creek
Watershed.

1.4 Climate and Precipitation

North Dakota’s climate is characterized by largagerature variation across all time scales, light
to moderate irregular precipitation, plentiful shime, low humidity, and nearly continuous wind.
Its location at the geographic center of North Aigeeresults in a strong continental climate,
which is exacerbated by the mountains to the Wéwsdre are no barriers to the north or south so a
combination of cold, dry air masses originatingha far north and warm humid air masses
originating in the tropical regions regularly ouerf the state. Movement of these air masses and
their associated fronts causes near continuous anddften results in large day to day
temperature fluctuations in all seasons. The @eelast freeze in spring occurs in late May. In the
fall, the first 32 degree or lower temperature sstetween Septemberand 2%'. However,
freezing temperatures have occurred as late aslumd-and as early as mid-August. About 75
percent of the annual precipitation falls during geriod of April to September, with 50 to 60
percent occurring between April and July. Mostha summer rainfall is produced during
thunderstorms, which occur on an average of 2%tda¥/s per year. On the average, rains occur
once every three or four days during the summemnték/snowpack, although persistent from
December through March, only averages around Iem¢Enz, 2003).
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Average yearly air temperature at the Bowbells tN@&akota weather station, 14 miles south and
26 miles east of Short Creek Dam, is 38 degreesiaexkhge wind speed is 10.7 mph. Average
annual precipitation ranges from 7 to 14 inchesvéviaber through February averages about 0.50
inches per month, mostly as snow. Measurable ptatign (0.01 inch or more) occurs on an
average of 65 to 100 days during the year; oveyesfent of these events produce less than 0.10
inch (NDAWN, 2006).

1.5 Water Quality Data

1.5.1 Background on Nutrients, Dissolved Oxyqgen, 8adiment

Nutrients (nitrogen and phosphorus) are necessampldnt growth. Excessive amounts can
cause abundant aquatic plant growth and algal dadormeccur. When plants die, their decay
will accelerate the depletion of oxygen in the wé&ldDDoH, 1997). The breakdown of dead
organic matter can also produced un-ionized ammatiech can adversely affect aquatic life.
Fish may suffer a reduction in hatching succeshjatons in growth rate and morphological
development, and injury to gill tissue, liver, dadneys (USEPA, 1999a). The appearance
and odors emitted by decaying plant matter alsaingesthetic uses of the waterbody.

Dissolved oxygen is oxygen in solution that hasnb@éxed into the water by wave action on
lakes, tumbling water in rivers, and photosynthégislgae and rooted aquatic plants.
Aquatic life needs oxygen to live. Fish, invertdbg plants, and aerobic bacteria all require
oxygen for respiration. The capacity of water eddndissolved oxygen is dependant on the
temperature and salinity of the water and atmosplpeessure (NDDoH, 1997).

Sediment, like nutrients, is a vital natural comgainof waterbodies. However, high
concentrations of suspended sediment will absghi.lIWaters then become warmer, which
lessens the ability of water to hold oxygen neagska aquatic life. Because aquatic plants
also receive less light, photosynthesis decreasd$eas oxygen is produced. Excessive
suspended sediment can also clog fish gills, redgumeth rates, decrease resistance to disease
and prevent egg and larval development (NDDoH, 1997

Recognizing the need to improve water quality cbods in Short Creek Dam, a TMDL
development project was initiated with sponsorddyiphe Burke County Soil Conservation
District (SCD). Data for the TMDL development poj was collected between July 2004 and
September 2005. Water quality samples were colefcten the reservoir and three stream
sites in the watershed using the methodology desdrin theQuality Assurance Project Plan
(QAPP) for the Short Creek Dam TMDL DevelopmenjdadtdNDDoH, 2004). These sites

are identified in Table 3 and Figures 6 and 7.

Table 3. General Information on Water Sampling Sits for Short Creek Dam.

Number of Latitude Longitude
Sampling Site Site ID | Samples Taken | (approx.) (approx.)
In-lake 380905 21 48.99164 -102.78601
Stream inlet (CAN) 385316 22 48.99546 -102.76691
Stream inlet (US) 385314 41 48.96674 1102.75647
Outlet 385315 37 48.99320 -102.78436
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Figure 6. Short Creek Dam Stream Sampling Locatios.

Figure 7. Short Creek Dam Sampling Location
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1.5.2 Stream Data

There were two upstream sites chosen for this grojgince a portion of the watershed is
above the Canadian border, it was determined beaktio document the load entering from
this portion. The second inlet site was locatgar@xmately one mile upstream of Short
Creek Dam. The outlet site was located about 58sydownstream of the dam face, on a lake
access road. An automated stage recorder andyatgdfwere installed at each site and
discharge was measured during each water qualiyplgzag trip. Stream parameters analyzed
included total nitrogen, total Kjeldahl nitrogertrate-nitrite, ammonia, total phosphorus, and
total suspended solids (Tables 4, 5, and 6). Drgehand water quality parameters were used

in the loading calculations (Appendix B). Streamnibaring activities occurred from July —
September, 2004 and again between March and Septeptis5.

Table 4. Summary of Stream Sampling Data, STORET 885314 (Inlet Site - US).

Total Nitrate- Total
Nitrogen TKN Nitrite Ammonia Phosphorus TSS
Description (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (ma/L)
Minimum 1.59 1.57 0.01 0.005 0.233 2.5*
Maximum 4.62 4.60 0.80 0.666 4.210 34.0
Median 2.75 2.60 0.01 0.016 0.816 25
Mean 2.882 2.786 0.09 0.100 1.102 5.866

* This value is one half of the detection limit awds used when a value of Non-Detect was returned

Table 5. Summary of Stream Sampling Data, STORET 885316 (Inlet Site - CAN).

Total Nitrate- Total
Nitrogen TKN Nitrite Ammonia Phosphorus TSS
Description (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Minimum 1.57 1.53 0.01 0..005 0.311 2.5*
Maximum 3.88 3.86 0.80 0.506 1.660 11.0
Median 2.295 2.265 0.03 0.025 0.531 25
Mean 2.578 2.476 0.10 0.056 0.657 4.270

* This value is one half of the detection limit awds used when a value of Non-Detect was returned

Table 6. Summary of Stream Sampling Data, STORET 885315 (Outlet Site).

Total Nitrate- Total
Nitrogen TKN Nitrite Ammonia Phosphorus | TSS
Description (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Minimum 1.70 1.65 0.02 0.005 0.287 2.5%
Maximum 5.45 5.43 0.27 0.327 2.200 29.0
Median 2.31 2.25 0.09 0.09 0.596 5.0
Mean 2.402 2.315 0.088 0.103 0.793 6.634

* This value is one half of the detection limit awds used when a value of Non-Detect was returned
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1.5.3 Reservoir Data

The in-lake site is located in the deepest pathefreservoir at the north end near the dam.
Lake monitoring occurred from July through Septemive2004 and 2005 for open water
sampling, and during January and February, 200&&cover sampling, as outlined in the
QAPP (NDDoH, 2004). A composite of parametersliated below in Tables 7, 8, and 9, and
Figures 8, 9, 10, and 11. Tables 7, 8 and 9 itelis@ter quality data collected at the surface,
mid depth (between the surface and bottom) anaimogjust off the bottom so as not to
disturb the sediment) respectively. Since phospghsaubs to soil particles and the lake is
stratified, it is expected that the phosphoruslieuear the bottom of the lake are higher. A
volume weighted mean is used to determine the cdrate®n and subsequent load for the
TMDL. Through calculations using the BATHTUB mogtie data extracted indicates that
Short Creek Dam is very nitrogen limited. Averagewal volume weighted total nitrogen
concentration of 2.548 mg/L and average annualnelweighted total phosphorus
concentration of 0.900 mg/L created an averagé ndtagen (TN) to total phosphorus (TP)
ratio of 2.83:1. (A ratio of less than 10:1 is dolesed nitrogen limited). The data collected
characterized Short Creek Dam as a hypereutropitiogen limited lake.

Table 7. Short Creek Dam Reservoir Water Quality, 8rface Samples (1 meter).

Total Nitrate/ gieSCkCh'
Description Phosphorus | Nitrite TKN Ammonia | Chlorophyll-a Depth

(mg/L) (mg/L) (mg/L) | (mg/L) (hg/L) (meters)
Minimum 0.442 0.01 2.00 0.005 0.75 0.55
Maximum 1.38 0.18 3.06 0.227 22.40 1.60
Median 0.806 0.07 2.44 0.141 7.60 1.35
Mean 0.882 0.075 2.449 0.121 7.753 1.264

Table 8. Short Creek Dam Reservoir Water Quality, Md Depth (3-4 meters).

Description Total Phosphorus | Nitrate/ Nitrite TKN Ammonia
(mg/L) (mg/L) (mg/L) | (mglL)
Minimum 0.721 0.02 2.04 0.005
Maximum 1.28 0.12 2.82 0.476
Median 1.02 0.05 2.53 0.144
Mean 1.003 0.059 251 0.182

Table 9. Short Creek Dam Reservoir Water Quality, Bttom (0.5 meters from bottom).

Description Total Phosphorus | Nitrate/ Nitrite TKN Ammonia
(mg/L) (mg/L) (mg/L) | (mglL)
Minimum 0.481 0.01 2.07 0.005
Maximum 2.02 0.14 3.50 0.766
Median 1.05 0.06 2.54 0.179

Mean 1.042 0.063 2.623 | 0.201
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Short Creek Dam was also compared to data fromdy sif similar North Dakota lakes
(Table 10) (RLRSD, 2000). In general, when compaoeather lakes in this region of the
northwestern North Dakota glaciated plains, Shoeee€ Dam had lower than average TKN,
ammonia, and chlorophy#i-concentrations, higher than average total phosgghor
concentrations and nitrite/nitrate concentrati@mgl slightly better than average Secchi disk
depth readings.

Table 10. Water Quality Data from Other Regional L&es.

: Secchi
Total Nitrate/ Disk
Description Phosphorus | Nitrite TKN Ammonia | Chlorophyll-a Depth
(mg/L) (mgl) | (mg/) | (mgl) | (hglL) (meters)
Minimum 0.031 0.006 1.09 0.025 3.5 0.15
Maximum 0.707 0.123 5.06 0.677 237.5 2.29
Mean 0.147 0.044 2.87 0.234 56.4 1.13
Median 0.056 0.029 2.57 0.191 11.0 1.01

Eleven regional lakes were sampled for this stiRlyRSD, 2000). Data from Short Creek Dam’s TMDL dssment
(NDDoH, 2004.) was compared to data from this study

Dissolved oxygen and temperature were monitorekeatieepest site on Short Creek Dam
from July 2004 through September 2005. Measuresneete taken at one meter depth
intervals during ice cover and open water periahdime a water quality sample was
collected. Figures 8 through 11 illustrate thesdiged oxygen and temperature profiles for
both years of the assessment.

During the summer of 2004 and 2005 as well as inl&p 2005 the reservoir thermally
stratifies. The low dissolved oxygen levels in bp#ars in the summer as well as the winter
between them were drastically low. Dissolved oxylgvels in the lowest meter for all dates
were below the State water quality standard ohaglL. In February, April and July those
levels dropped to near zero. Significant portiohthe water column were below water
guality standards in almost all samples taken. séone samples (February and August, 2005)
the entire water column was below 5.0 mg/L. Theseaand-effect relationship between
nutrients, water temperature, plant growth and dgasition, and low dissolved oxygen

levels in a water body is well established in thiestific arena.
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Figure 8. Temperature Profiles for Short Creek Dam(Site 380905), 2004.
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Figure 9. Dissolved Oxygen Profiles for Short Creebam (Site 380905), 2004.
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Figure 10. Temperature Profiles for Short Creek Dam(Site 380905), 2005.
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2.0 WATER QUALITY STANDARDS

The Clean Water Act requires that Total Maximumlypabads (TMDLS) be developed for waters on a
state's Section 303(d) list. A TMDL is defined‘tse sum of the individual waste load allocations f
point sources and load allocations for non pointrses and natural background” such that the capatit
the water body to assimilate pollutant loadingas @éxceeded. The purpose of a TMDL is to iderttiky
pollutant load reductions or other actions thaisdthtve taken so that impaired waters will be able t
attain water quality standards. TMDLs are requiede developed with seasonal variations and must
include a margin of safety that addresses the taingy in the analysis. Separate TMDLs are requice
address each pollutant or cause of impairment (igrients, dissolved oxygen).

2.1 Narrative Water Quality Standards

The North Dakota Department of Health has set haeravater quality standards which apply to all
surface waters in the state. The narrative staisdagrtaining to nutrient and sediment impairments
are listed below (NDDoH, 2006).

» All waters of the state shall be free from subs&s attributable to municipal, industrial, or
other discharges or agricultural practices in catre¢ions or combinations which are toxic or
harmful to humans, animals, plants, or residenatqubiota.

» No discharge of pollutants, which alone or in tomation with other substances, shall:
- Cause a public health hazard or injury to emuinental resources;
- Impair existing or reasonable beneficial usethefreceiving waters; or
- Directly or indirectly cause concentrations oflptants to exceed applicable standards of
the receiving waters.

In addition to the narrative standards, the NDD@ld ket a biological goal for all surface waterthin
state. The goal states that “the biological coodibf surface waters shall be similar to thatitédssor
waterbodies determined by the department to bemegreference sites,” (NDDoH, 2006).

2.2 Numeric Water Quality Standards

Short Creek Dam is classified as a Class 2 coadmisthery. Class 2 fisheries are “waters capable
supporting natural reproduction and growth of cwater fishes (e.g. northern pike and walleye) and
associated aquatic biota. These waters are alsleapf supporting the growth and marginal survival
of cold water species and associated biota.” Tibataries flowing into and out of Short Creek Dam
are classified as Class 3 streams where “the gudlihe waters in this class shall be suitable for
agricultural and industrial uses such as livestgakering, irrigation, washing, and cooling. These
streams have low average flows and generally pgadmperiods of no flow. The quality of these
waters must be maintained to protect recreatigh, ind aquatic biota (NDDoH, 2006).

All classified North Dakota lakes are assignedeation, aquatic life, irrigation, livestock wategin
and wildlife beneficial uses. Those beneficial usesatened in Short Creek Dam include recreation
and fish and other aquatic biota. Short Creek Bdmheficial uses have been assessed as fully
supporting, but threatened as a result of nuteantchment, low dissolved oxygen, and
sedimentation. The State’s water quality standstake that lakes shall use the same numeric exiteri
as Class 1 streams. This includes the State sthfmtaglissolved oxygen set at no less than 5.0 mg/L
as a daily minimum (with up to 10 percent of repreative samples collected during any three year
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period may be less than this value provided thhtleconditions are avoided), and nitrate as N@t 1
mg/L. The State water quality standards also spegifdelines for lake or reservoir improvement
programs as well (Table 11). Lake use attainmetaraenations are often made using Carlson’s
Trophic State Index (TSI), which is further discedsn Section 3.1 (Carlson, 1977). No numeric
criteria have been developed for sediment.

Table 11. Numeric Standards and Guidelines for Clasfied Lakes and Reservoirs (NDDoH, 2006).

Parameter Parameter Limitation Limit
Standards for Class | Streams and Classified L
Nitrates (dissolvet 1.0 mg/ Maximum allower
Dissolve( Oxyger 5.0 mg/ Daily Minimum?
Guidelines for Goals in a Lake Improvement or Mair@nce Proarai
NO; as M 0.25 mq/ Goa
PC,as | 0.02 mq/ Goa

1"Up to 10 percent of samples may exceed.”
2 “Up to 10 percent of representative samples catbduring any three year period may be less thiarnvalue provided lethal conditions are avoided

3.0 TMDL TARGETS

A TMDL target is the value that is measured to pitlye success of the TMDL effort. TMDL targets
must be based on state water quality standardsaoulso include site-specific values when no miame
criteria are specified in the standard. The follaysections summarize water quality targets farSh
Creek Dam based on its beneficial uses. If theiBpearget is met, it is assumed the reservoit mieet
applicable water quality standards, including gsignated beneficial uses.

3.1 Nutrient Target

North Dakota’s 2008 Integrated Section 305(b) W&teality Assessment Report indicates that
Carlson’s Trophic State Indices (TSls), based aclealisk depth (transparency), chloropheyll-
concentration, and total phosphorus concentratimnthe primary indicators used to assess
beneficial uses of the State’s lakes and reser®iBDoH, 2008). Trophic state is the measure of
productivity of a lake or reservoir and is direat®jated to the level of nutrients (phosphorus and
nitrogen) entering the lake or reservoir from ist@&rshed. Lakes tend to become eutrophic (more
productive) with higher nitrogen and phosphorusutsp Eutrophic lakes often have nuisance
algal blooms, limited water clarity, and low disgad oxygen concentrations that can result in
impaired aquatic life and recreational uses. ©aitsTSI attempts to measure the trophic state of
a lake using the above variables (Carlson, 1977).

The three variables (chlorophy|-Secchi disk depth, and total phosphorus) in GalsTSI
independently estimate algal biomass (productiom r@sult of excess nutrients). The three index
variables are interrelated by linear regressionetgy@nd should produce the same index value for
a given combination of variable values. Any of theee variables can therefore theoretically be
used to classify a waterbody. For the purposeasdsification, priority is given to chlorophyll,
because this variable is the most accurate oftlee tat predicting algal biomass (Carlson 1980).
While transparency and phosphorus may co-vary tndjphic state, many times the changes in
transparency are not caused by changes in algalds®, but may be due to particulate sediment.
Total phosphorus may or may not be strongly rel&teigal biomass due to light limitation
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and/or nitrogen and carbon limitation. Therefor@threr transparency nor phosphorus is an
independent estimator of trophic state (Carlsor6).99

Based on the water quality data collected betwegn2D04 and September 2005 and the resulting
Carlson TSI scores, Short Creek Dam was generstigssed as a eutrophic lake (Table 12, Figure
12). While the total phosphorus TSI was exceedihgij suggesting a hypereutrophic reservoir,
the nitrogen limited nature of the reservoir kedesother two TSI values, and the actual aesthetic
visual condition of the reservoir, in the eutroptaage. The short residence time (0.436 years) is
another factor that may account for this differeimc&SI values. Nitrogen and particulate
phosphorus would be flushed from the system whisalved phosphorus would continue to
persist due to internal nutrient cycling. Alsoséated above, phosphorus TSI is not an
independent estimator of trophic state. With tightamounts of total phosphorus available,
should more nitrogen enter the system, it would ediately be used in plant and algal

production, thus increasing both chlorophg/lind Secchi disk depth TSI values. A phosphorus
target was chosen as a TMDL endpoint for nutriastg is important that available phosphorus in
the system be reduced to keep the reservoir froningdo a higher eutrophic state. As an added
margin of safety, to address the causes of nutelenthment in this watershed which are related
to agriculture, it is assumed that any best managépractice(s) implemented to reduce
phosphorus loading will also reduce the amounttodgen entering the system.

Table 12. Carlson's Trophic State Indices for ShorCreek Dam.

Parameter Relationship Units TSI Value!
Chlorophylla TSI (Chl-a) = 30.6 + 9.81[In(Chl-a)] | ug/L 51.00
Total Phosphorus (TP) | TSI (TP) = 4.15 + 14.42[In(TP)] ug/L 102.24
Secchi Disk Depth (SD)| TSI (SD) = 60 - 14.41[In(SD)] meters 56.78

TSI values were calculated using mean surface sdtoen the Short Creek Dam in-lake monitoring stati
TSI < 25 = Oligotrophic (least produe) TSI 50-75 = Eutrophic
TSI 25-50 = Mesotrophic TSI > 75 =zygdreutrophic (most productive)
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Figure 12 Temporal Distribution of Carlson’s Trophic Status Index Scores for Short Creek Dam.

A major strength of TSI is that the interrelatioipshbetween variables can be used to identify
certain conditions in the lake or reservoir that alated to the factors that limit algal biomass o
affect the measured variables. When more than btiedhree variables is measured, it is
possible that different index values will be ob&inBecause the relationships between the
variables were originally derived from regressietationships and the correlations were not
perfect, some variability between the index valsds be expected. (Carlson 1996). These
deviations in the total phosphorus or the Secak depth index from the chlorophyll index can
be used to identify conditions and causes reldbirthe lake or reservoir’s trophic state. Some
possible interpretations of deviations of the ingalues are given in Table 13 below (updated
from Carlson 1983).

Table 13. Relationships Between TSI Variables an@onditions (updated from Carlson 1983).

Relationship Between TSI Variables Conditions

1) TSI(Chl) = TSI(TP) = TSI(SD) Algae dominate lighttenuation; TN/TP ~ 33:1
Large particulates, such Aphanizomenofiakes,

2) TSI(Chl) > TSI(SD) dominate

Non-algal particulates or color dominate light
3) TSI(TP) = TSI(SD) > TSI(CHL) attenuation

4) TSI(SD) = TSI(CHL) > TSI(TP) Phosphorus limilga biomass (TN/TP >33:1)
Algae dominate light attenuation but some factahsu
as nitrogen limitation, zooplankton grazing or tmxi
5) TSI(TP) >TSI(CHL) = TSI(SD) limit algal biomass.
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As reflected in relationship 5 (Table 13), it ietéfore possible that the chlorophgland Secchi
disk depth indices may be close together, but bigghificantly less than the total phosphorus TSI
score. This suggests that the algae are nitrogatetl, as in the case for Short Creek Dam or that
intense zooplankton grazing may be suppressing gtgath and therefore chlorophyal-
concentrations (Carlson 1996). Carlson and Simd$&&) suggest that if the phosphorus and
Secchi disk depth values are relatively similar higther than the chlorophyd-TSI value, then
dissolved color or non-algal particulates domirigfiet attenuation. It follows that, if the Secchi
disk depth and chlorophy#-TSI values are similar (as is the case for Shagek Dam), then
chlorophyll-a is dominating light attenuation. These statemsapgport the data analysis and
modeling that was done to indicate that Short Ci2a is a nitrogen-limited water body.

A Carlson’s TSI target of 69.59 based on total phosus was chosen for the Short Creek Dam
endpoint. This corresponds to a 90 percent redlu¢liable 14) in phosphorus loading from the
watershed (see Section 5.0 for technical analyéijle this reduced TSI value will correspond to
a higher total phosphorus concentration (0.09 mtifah the concentration of total phosphorus in
the State water quality standard guideline foralkel improvement (0.02 mg/L), it will result in a
lowering of the trophic state for the reservoir &irtimes of the year. It should also be noted tha
the related total nitrogen concentration will béueed from 2.55 mg/L to 0.35 mg/L, which is
very near the lake improvement guideline of 0.23Lngtal nitrogen. As discussed previously, all
three TSI values are used in determining the tiptatus of the reservoir and thus whether
beneficial uses are being met. If the specified TMiDosphorus TSI target of 69.59 is met, the
reservoir can be expected to meet the applicablerwaality standards for aquatic life and
recreational beneficial uses.

3.2 Dissolved Oxygen Target

The North Dakota State Water Quality Standard fesalved oxygen is “5.0 mg/L as a daily
minimum (up to 10 percent of representative sampddlected during any three year period may
be less than this value provided that lethal coonlitare avoided)” and will be the dissolved
oxygen target for Short Creek Dam

4.0 SIGNIFICANT SOURCES

There are no known point sources in the Short CBek watershed. Nutrients impairing the resergoir’
beneficial uses are from non point sources. Therdoairteen animal feeding operations in the wateals
which is considered part of the nonpoint sourcé.loa

5.0TECHNICAL ANALYSIS

Establishing a relationship between in-lake watelity targets and source loading is a critical
component of TMDL development. Identifying the cawashd-effect relationship between pollutant loads
and the water quality response is necessary taa&eathe loading capacity of the receiving wateybod
The loading capacity is the amount of a polluthiat tan be assimilated by the waterbody while still
attaining and maintaining water quality standardhis section discusses the technical analysis issed
estimate existing loads to Short Creek Dam angbtldicted trophic response of the reservoir to
reductions in loading capacity.
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5.1 Tributary Load Analysis

To facilitate the analysis and reduction of tribytaflow and outflow water quality and flow data
the FLUX program was employed. The FLUX programspaleveloped by the US Corps of
Engineers Waterways Experiment Station (Walker6)99ses six calculation techniques to
estimate the average mass discharge or loadingaisaes a given river or stream site. FLUX
estimates loadings based on grab sample chemigcaeéntrations and the continuous daily flow
record. Load is therefore defined as the masspailatant during a given time period (e.g., hour,
day, month, season, year). The FLUX program allthesuser, through various iterations, to
select the most appropriate load calculation tepmiand data stratification scheme, either by
flow or date, which will give a load estimate witie smallest statistical error, as represented by
the coefficient of variation. Output from the FLUpXogram (Appendix B) is then provided as an
input file to calibrate the BATHTUB eutrophicatioesponse model. For a complete description
of the FLUX program the reader is referred to Wal(ld©96).

5.2 BATHTUB Trophic Response Model

The BATHTUB model (Walker, 1996) was used to predind evaluate the effects of various
nutrient load reduction scenarios on Short Creesa DBATHTUB performs steady-state water
and nutrient balance calculations in a spatialgnsented hydraulic network. The model accounts
for advective and diffusive transport and nutrigedlimentation. Eutrophication related water
guality conditions are predicted using empiricdhtienships previously developed and tested for
reservoir applications.

The BATHTUB model is developed in three phases. firsetwo phases involve the analysis and
reduction of the tributary and in-lake water quatiata. The third phase involves model
calibration. In the data reduction phase, the keland tributary monitoring data collected as part
of the project were summarized in a format whialveg as an input to the model.

The tributary data were analyzed and reduced b¥theX program. FLUX uses tributary inflow
and outflow water quality and flow data to estimaterage mass discharge or loading that passes
a river or stream site suing six calculation teques. Load is therefore defined as the mass of
pollutant during a given unit of time. The FLUX nedhen allows the user to pick the most
appropriate load calculation technique with the lfgsastatistical error. Output for the FLUX
program is then used to calibrate the BATHTUB model

The reservoir data were reduced in Microsoft Exisghg three computational functions. These
include: 1) the ability to display concentratiorssaafunction of depth, location, and date; 2)
summary statistics (e.g., mean, median, etc.);3m¥aluation of the trophic status. The output
data from the Excel program were then used as topedlibrate the BATHTUB model.

When the input data from FLUX and Excel prograneseartered in to the BATHTUB model, the
user has the ability to compare predicted condsti@nodel output) to actual conditions using
general rates and factors. The BATHTUB model éntbalibrated by combining tributary load
estimates for the project period with in-lake wajaality estimates. The model is termed
calibrated when the predicted estimates for thghiresponse variables are similar to the
observed estimates from assessment project morgtdata. BATHTUB then has the ability to
predict total phosphorus concentration, chlorophydbncentration, and Secchi disk depth and the
associated TSI scores as a means of expressirganmgsponse.
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As stated above, BATHTUB can compare predictecetial conditions. After calibration, the
model was run based on observed concentrationsaspimorus and nitrogen, to derive and
estimated annual average total phosphorus loag@@B833 kg. The model was then run to evaluate
the effectiveness of a number of nutrient reductitbernativesncludingl) reducing externally
derived nutrient loads; 2) reducing internally dafale nutrients; and 3) reducing both external and
internal nutrient loads. (See Appendix A for moegadl).

In the case of Short Creek Dam, BATHTUB was useahd¢olel the trophic status response of total
phosphorus reductions in externally derived phogphtmading. Phosphorus was used in the
simulation model based on its known relationshiputrophication and also that it is controllable
with the implementation of watershed Best ManagdrReactices (BMPs). Changes in trophic
response were evaluated by reducing externallyeemphosphorus loading by 25, 50, 75, and 90
percent (Table 14). Simulated reductions in chlagdipa, Secchi disk depth, and total
phosphorus-based TSI scores were achieved by regdphbsphorus concentrations in
contributing tributaries and other externally deled sources. Flow was held constant due to
uncertainty in estimating changes in hydraulic kiésge with the implementation of BMPs.

Table 14. Observed and Model Predicted Values forefected Trophic Response Variables
Assuming a 25, 50, 75, and 90 Percent Reductionkixternal Phosphorus Loading.

Predicted
Variable Observed | 25% 50% 75% 90%
Reduction | Reduction | Reduction | Reduction
Total Phosphorus as P | 0.900 0.678 0.453 0.228 0.094
(mg/L)!
Total Nitrogen as N 2.548 1.926 1.321 0.716 0.353
(mg/L)!
Chlorophyll-a ( pg/L)* 8.00 7.07 5.75 3.35 1.14
Secchi Disk Depth 1.25 1.29 1.34 1.46 1.59
(meters]
Carlson’s TSI for 102.24 98.15 92.34 82.47 69.59
Phosphorus
Carlson’s TSI for 51.00 49.79 47.75 42.45 31.86
Chlorophylla
Carlson’s TSI for Secchi | 56.78 56.36 55.73 54.52 53.31
Disk
Metalimnetic Oxygen 0.076 0.072 0.065 0.050 0.029
Demand (mg/L per day)
Hypolimnetic Oxygen 0.088 0.084 0.075 0.058 0.034
Demand (mg/L per day)

Volume weighted mean

2
Average

3
Based on the calibrated BATHTUB model predicted ra

5.3 AGNPS Watershed Model

In order to identify significant NPS pollutant soes in the Short Creek Dam watershed and to
assess the relative reductions in nutrient (nitnoged phosphorus) and sediment loading that can
be expected from the implementation of BMPs invitagershed, an AGNPS 3.65 model analysis
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was employed.

The primary objectives for using the AGNPS 3.65 pladere to 1) evaluate NPS contributions
within the watershed; 2) identify critical pollutessource areas within the watershed; and 3)
evaluate potential pollutant (nitrogen, phosphoams] sediment) reduction estimates that can be
achieved through the implementation of various B&d¢Enarios.

The AGNPS 3.65 model is a single event model thatttventy input parameters. Sixteen
parameters were used to calculate nutrient/sediméput, surface runoff and erosion. The
parameters used were receiving cell, aspect, S6&,quercent slope, slope shape, slope length,
Manning’s roughness coefficient, K-factor, C-fa¢t®sfactor, surface conditions constant, soil
texture, fertilizer inputs, point source indicata@OD factor, and channel indicator.

The AGNPS 3.65 model was used in conjunction witlingéensive land use survey to determine
critical areas within the Short Creek Dam watersi@deria used during the land use assessment
were percent cover on cropland and pasture/ranggitaan. These criteria were used to determine
the C factor for each cell. The initial model was using current conditions determined during
the land use assessment. A 25yr/24hr storm evel@ {dches) in Burke County was applied to
the model to evaluate relative pollutant yieldsrireach 160-acre cell. Each quarter of land was
given a cell number and each cell represents 1&3 ad land. A total of 840 cells were input into
the program, representing 134,720 acres. Sincenbdel cannot follow curved lines, but only
square cell blocks, this watershed area used smtbidel is slightly larger than the actual
watershed area listed in Table 1.

To identify critical cells for nutrient (phosphojusading, knowing that there had to be a 90
percent reduction in phosphorus load in order tecathe needed change, the final output cell of
the watershed was identified. Then beginning wélhs that had greater than 5 Ibs of sediment
phosphorus, BMPs were applied through manipuladidhe AGNPS model to those cells. The
phosphorus loading in the final cell was noted sinde it did not meet the 90 percent load
reduction, the AGNPS model was re-run with BMP rpatfdtions to cells that had greater than 4
Ibs of sediment phosphorus. The final outputwel$ then again reviewed and this process
continued with 3.5 Ibs, 3.0 Ibs, etc until 0.5 #esliment phosphorus cells, manipulated with
BMPs, reached the targeted reduction. BMPs apphieells with greater than 0.5 Ibs sediment
phosphorus achieved a slightly greater than 90gméreduction in phosphorus loading. The
BMPs used were no till, nutrient management, piriesdrgrazing, native grass seeding, and
pasture/hayland forage plantings. Cells that hradtgr than 0.5 Ibs sediment phosphorus were
identified as critical cells (Figure 13). These T&lls represent 69 percent of the watershed. Once
nutrient loadings are decreased, algal biomassiedline, dissolved oxygen will increase, and the
overall trophic status of the reservoir will impeov
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Critical Phosphorus Loading Cells

Phosphorus 0 to 0.5 Ibs/acre

Phosphorus 0.5 to 1.5 Ib/acre - Critical

Phosphorus 1.5 to 2 Ib/acre - Critical

. Phosphorus 2 Ibs/acre and greater - Critjcal

Figure 13. AGNPS Identified High Phosphorus LoadingAreas.
5.4 Dissolved Oxygen

Short Creek Dam is considered impaired due to tliedaxygen levels observed below the North
Dakota water quality standard of 5.0 mg/L as aydainimum. This assessment is based on the
dissolved oxygen profile data collected in the 208205 TMDL assessment. For Short Creek
Dam, low dissolved oxygen levels, sometime reacthngughout the entire water column, appear
to be related to excessive nutrient loading.

The cycling of nutrients in aquatic ecosystemsiigely determined by oxidation-reduction
(redox) potential and the distribution of dissoleg/gen and oxygen-demanding particles
(Dodds, 2002). Dissolved oxygen gas has a stréimgty for electrons, and thus influences
biogeochemical cycling and the biological availapibf nutrients to primary producers such as
algae. High levels of nutrients can lead to eutrogtion, which is defined as the undesirable
growth of algae and other aquatic plants. In tattrophication can lead to increased biological
oxygen demand and oxygen depletion due to thereggm of microbes that decompose the dead
algae and other organic material.

AGNPS and BATHTUB models indicate that excessiveient loading is responsible for the low
dissolved oxygen levels in Short Creek Dam. Wetk@83) summarized, “The loading of organic
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matter to the hypolimnion and sediments of prodecéiutrophic lakes increases the consumption
of dissolved oxygen. As a result, the oxygen aandé the hypolimnion is reduced progressively
during the period of summer stratification.”

Carpenter et al. (1998), has shown that non pountces of phosphorous has lead to eutrophic
conditions for many lake/reservoirs across the LOBe consequence of eutrophication is oxygen
depletions caused by decomposition of algae andteqoiants. They also document that a
reduction in nutrients will eventually lead to tteversal of eutrophication and attainment of
designated beneficial uses. However, the ratesoolvery are variable among lakes/reservoirs.
This supports the Department of Health’s viewpdtiat decreased nutrient loads at the watershed
level will result in improved oxygen levels, thencern is that this process takes a significant
amount of time (5-15 years).

In Lake Erie, heavy loadings of phosphorous haygaicted the lake severely. Monitoring and
research from the 1960’s has shown that depresgeaditmnetic dissolved oxygen levels were
responsible for large fish kills and large matsletaying algae. Bi-national programs to reduce
nutrients into the lake have resulted in a downweedd of the oxygen depletion rate since
monitoring began in the 1970’s. The trend of oxydepletion has lagged behind that of
phosphorous reduction, but this was expected (8ge/www.epa.gov/glnpo/lakeerie/dostory.hyml

Nurnberg (1995, 1995a, 1996, 1997), developed aehtbdt quantified duration (days) and extent
of lake oxygen depletion, referred to as an antadgtor (AF). This model showed that AF is
positively correlated with average annual totalggtwrous (TP) concentrations. The AF may
also be used to quantify response to watersheoradisin measures which makes it very useful for
TMDL development. Nurnberg (1996) developed sdveigression models that show nutrients
control all trophic state indicators related to gegy and phytoplankton in lakes and reservoirs.
These models were developed from water qualityastaristics using a suite of North American
lakes. NDDoH has calculated the morphometric patars such as surface areg £A108.1

acres; 0.548 kA), mean depth (z = 11.4 feet; 3.51 meters), andatie of mean depth to the
surface area (z/R&° = 4.7) for Short Creek Dam which show that thememeters are within the
range of lakes used by Nurnberg. Based on thisnmdtion, NDDoH is confident that Nirnberg’s
empirical nutrient-oxygen relationship holds troe North Dakota lakes and reservoirs. The
NDDoH is also confident that prescribed BMPs weltluce external loading of nutrients to Short
Creek Dam which will reduce algae blooms, theredmucing hypolimnetic oxygen depletions
rates resulting in increase oxygen levels over.time

Best professional judgment concludes that as lefgiosphorus are reduced by the
implementation of best management practices, disdabxygen levels will improve. This is
supported by the research of Thornton, et al (L9BGgy state that, “...as organic deposits were
exhausted, oxygen conditions improved.”

This conclusion is also supported by BATHTUB mogieldictions of both metalimnetic and
hypolimnetic oxygen demand. The calibrated modetljgts that metalimnetic and hypolimnetic
oxygen demand in Short Creek Dam is currently 0&¥&®0.088 mg/L per day, respectively
(Table 14). With a 90 percent reduction in totabgphorus loading, the metalimnetic and
hypolimnetic oxygen demand rate is predicted taebse by 38 percent to 0.029 and 0.034 mg/L
per day, respectively (Table 14).
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5.5 Sediment

A sediment balance was calculated for Short Cres Dr'able 15). The time period over which
this amount of storage occurred was .999 years.

Table 15. Sediment Balance for Short Creek Dam.

Parameter Inflow (kg) Outflow (kg) Storage (kg)

Total Suspended

Solids 25,433.0 25,380.1 52.9

Based on the Mulholland and Elwood (1982) averagemulation rate of 2 cm/yr within
reservoirs, a conversion from mass of sedimenagto depth of sediment storage is needed to
determine a comparison.

In order to perform the conversion from mass tatlegme particle density of soil is needed. In
most mineral soils the average density of partiidés the range of 2.6 to 2.7 g/&nThis narrow
range reflects the predominance of quartz andmliagrals in the soil matrix. Since soils in the
Short Creek Dam watershed are mineral soils, thgcfgdensity of silicate minerals can be used
to calculate a depth of sediment accumulation withé reservoir. However, for the sake of
providing an implicit margin of safety, the low eafithe range (2.6 g/cthwill be used to
calculate the equivalent depth of 52.9 kg of sedinre Short Creek Dam.

Based on a sediment loading rate of 52,900 g/yiddi/by a sediment density of 2.60 gfche
sediment volume deposited in Short Creek Dam 84815 cm each year.

52,900 g/yr * (2.60 g/ci™* = 20,346.15 crilyr

Based on a surface area of 108.1 acres (4,374%56 cni), the annual sedimentation rate is
8.90073 x 16 cm per year.

(20,346.15 chfyr)/ (4,374,651,792.61 cth= 8.90073 x 18 cm/yr

This estimated annual sediment accumulation rateelsbelow the average sedimentation rate of
typical reservoirs.

Further support for the removal of sediment aslatamt of concern can also be found in
literature. As Waters (1995) states, suspendednsdiconcentration less than 25 mg/L is not
harmful to fisheries; between 25 and 80 mg/L reddish yield; between 80 and 400 mg/L is
unlikely to display a good fishery; and suspendstiraent concentration greater than 400 mg/L
will exhibit a poor fishery. Therefore, researghWaters (1995) supports the view that the mean
TSS concentration entering Short Creek Dam of Wrg/L (US + Canada) is not considered
harmful to fisheries. No samples exceeded the @& woncentration stated by Waters (1995) as
reducing fish yield. Therefore, it is the recommatnoh of this TMDL report that in the next

North Dakota Section 303(d) list cycle, Short Cr&amn should be de-listed for sediment
impairments.
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Justification for delisting is also based on theuxa Resources Conservation Service (NRCS)
Sedimentation Rate Standard for reservoirs. Thisdard is set at 1/8 inch of sediment eroded
from the watershed drainage areas delivered araiheetin the sediment pool over the 50-year
expected life of the project. Therefore:

Assuming Watershed Area = 133,600 acres = 208i75 582 x 10 ft°
and,

NRCS Sedimentation Rate equals 1/8 inch = 0.12%#0.01041667 ft over 50 years
then,

NRCS Sediment Standard Volume=
5.82 x 10’ ft? * 0.01041667 ft = 6.06 x 1at°

where : 6.06 x 10ft® = 1.72 x 18°cm®

Compare this to the calculated annual sedimentasittnfrom observed data entering Short Creek
Dam over 50 years:

Calculated Sediment Volume from data= 20,346.15 ctifyr * 50 yr =1.02 x 16 cm®.

Using the NRCS Sedimentation Rate Standard ofrftl® over 50 years, Short Creek Dam’s
predicted sediment accumulation rate would be £.7@2 cm®. When compared to the current
sedimentation rate over 50 years entering thevesed.02 x 16cm*appears to be well under the
predicted sedimentation rate standard.

6.0 MARGIN OF SAFETY AND SEASONALITY
6.1 Margin of Safety

Section 303(d) of the Clean Water Act and EPA'sila@gns require that “TMDLs shall be
established at levels necessary to attain and aiaitite applicable narrative and numerical water
guality standards with seasonal variations and igimaf safety which takes into account any lack of
knowledge concerning the relationship between efftuimitations and water quality.” The margin of
safety (MOS) can either be incorporated into coretére assumptions used to develop the TMDL
(implicit) or added as a separate component ofti®L (explicit). For purposes of this nutrient
TMDL, a MOS of ten percent of the loading capawvilf be used as an explicit MOS.

Assuming the combined “normal” year load of totabpphorus to Short Creek Dam is 5,073.3 kg/yr,
and the TMDL reduction goal is a 90 percent redurcin total phosphorus loading, then this would
result in a TMDL target total phosphorus loadingawty of 324.5 kg/yr total phosphorus. Based on a
10 percent explicit margin of safety, the MOS ftwo8& Creek Dam TMDL would be 32.45 kg of total
phosphorus per year. Additionally, conservativeiaggtions were used within the calculations and
models, thus adding implicitly to the margin ofessf

Monitoring and adaptive management during the imeletation phase, along with post-
implementation monitoring related to the effectiess of the TMDL controls, will be used to ensure
the attainment of the targets.
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6.2 Seasonality

Section 303(d)(1)(C) of the Clean Water Act andWwh®. Environmental Protection Agency (EPA's)
regulations require that a TMDL be established wahsonal variations. The Short Creek Dam
TMDLs address seasonality because the FLUX anadyglsBATHTUB model incorporates seasonal
differences in the prediction of annual total phospis loadings.

7.0 TMDL

Table 16 summarizes the nutrient TMDL (which wil@address the dissolved oxygen TMDL) for Short
Creek Dam in terms of loading capacity (LC), wasael allocations (WLA), load allocations (LA), and a
margin of safety(MOS). The TMDL can be genericalscribed by the following equation:

TMDL = LC = WLA + LA + MOS where:

LC = loading capacity, or the greatest loading eeviatdy can receive without violating water
quality standards;

WLA= wasteload allocation, or the portion of the TMBIlocated to existing or future point
sources;

LA= load allocation, or the portion of the TMDL al&ded to existing or future non point sources;

MOS=  margin of safety, or an accounting of uncertaattput the relationship between pollutant

loads and receiving water quality. The margisafety can be provided implicitly through
analytical assumptions or explicitly by reservangortion of loading capacity.

7.1 Nutrient TMDL

Based on data collected between July 2004 and bpte2005 the existing annual load to Short
Creek Dam is estimated at 5,073.3 kg. Assumin@€hpercent reduction in the existing total
phosphorus loading based on BATHTUB and AGNPS miogeésults reaching a total phosphorus
concentration of 0.09 mg/L, the Loading Capacit$24.5 kg/yr. Assuming that 10 percent of the
loading capacity is explicitly assigned to the M(33.45 kg/yr) and there are no point sources in the
watershed, then all of the remaining LC is assigodtie load allocation (292.05 kg/yr).

In November 2006, EPA issued a memorandum “EstabtisTMDL ‘Daily’ Loads in Light of the
Decision by the U.S. Court of Appeals for the DQrcuit in Friends of the Earth, Inc. v. EPA et, al
No. 05-5015 (April 25, 2006) and Implications foPNES Permits,” which recommends that all
TMDLs and associated load allocations and wasteddladations include a daily time increment in
conjunction with other appropriate temporal expmassthat may be necessary to implement the
relevant water quality standard. While the Deparitrbelieves that the appropriate temporal
expression for phosphorus loading to lakes andvess is as an annual load, the phosphorus TMDL
has also been expressed as a daily load. In twaepress this phosphorus TMDL as a daily load the
annual loading capacity of 324.5 kg/yr was divithgd365 days. Based on this analysis, the
phosphorus TMDL, expressed as an average daily is®1389 kg/day with the load allocation equal
to 0.800 kg/day and the MOS equal to 0.089 kg/day.
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Table 16. Summary of the Nutrient TMDL for Short Creek Dam.

Total Phosphorus :
Catego Explanation
9o (kglyr) P

Existing Load 5,073.3 From observed data

Loading Capacity 324.5 90% reduction based on BATHTUB
model simulations

Wasteload Allocation 0 No point sources

Load Allocation 292.05 Entire loading capacity minus MOS is
allocated to non point sources

MOS 32.45 Explicit ten percent (10%) MOS.

7.2 Dissolved Oxygen TMDL

As a result of the direct influence of eutrophioaton increased biological oxygen demand and
microbial respiration, it is expected that by atiag) the phosphorus load reduction target estadadish
for Short Creek Dam, the dissolved oxygen impairmeh be addressed. A reduction in total
phosphorus loading to Short Creek Dam is expectdolter algal biomass levels in the water
column, thereby reducing both metalimnetic and tigpaetic oxygen demand exerted by the
decomposition of these primary producers, (see@ebt4 for additional justification). The predidte
reduction in metalimnetic and hypolimnetic oxygemdnd is therefore assumed to result in
attainment of the dissolved oxygen standard.

7.3 De-List for Sediment TMDL
No reduction necessary. This report provides jigstiion for de-listing for sediment (see Section)5.
8.0 ALLOCATION

Short Creek Dam’s watershed supports extensivelwdgrie where cropland and range/pasture constitute
the majority of the land use. Sub-dividing it isimaller units, based on hydrology or type of covestson
practice implemented, would not be practical. THADL will be implemented by several parties on a
volunteer basis. Phosphorus loads into the resemibbe reduced by 90 percent by treating the MES
identified critical cells (Figure 13). There are95aells within the Short Creek Dam watershed idieati

as “critical” by AGNPS modeling. These cells remsa total area of 69 percent of the watershetielf
critical areas in the watershed can be treated BMIPs (no till, nutrient management, grazing sysem
native/tame grass seeding on steep slopes, én)the specified reduction is possible.

While it is believed that instituting BMPs will gl in the needed water quality improvements, the
history of sediment and nutrient deposition magrggty effect internal nutrient cycling. The correse
of the hypolimnetic draw down may aid in improviwgter quality, as well as providing an additional
margin of safety for the phosphorus TMDL. Additatly, public willingness towards accepting
conservation practices will be necessary to fatdithe implementation of the additional BMPs trat
needed in the reservoir's watershed.

The TMDL in this report is a plan to improve watgrality by implementing BMPs through a volunteer,
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incentive-based approach. This TMDL plan is putif@as a recommendation to what must be
accomplished for Short Creek Dam and its watersb@deet and protect its beneficial uses. Water
guality monitoring should continue to assess tliece of recommendations made in this TMDL.
Monitoring may indicate that loading capacity reecnemdations should be adjusted.

9.0 PUBLIC PARTICIPATION

To satisfy the public participation requirementtus TMDL, a hard copy of the TMDL for Short Creek
Dam and request for comment was mailed to particigagencies, partners, and to those requesting a
copy. Those included in the hard copy mailing were:

Burke County Soil Conservation District;

Burke County Water Resource Board;

Natural Resources Conservation Service (Burke Gokileld and State Offices);

North Dakota Game and Fish Department (Save Oued &ogram, District Fisheries Biologist);
and

U.S. Environmental Protection Agency, Region 8.

In addition to the mailed copies, the TMDL for ShGreek Dam was posted on the North Dakota
Department of Health, Division of Water Quality wsite at:
http://www.health.state.nd.us/WQ/sw/Z2_TMDL/TMDLsndker_PublicComment/B_Under_Public_Co
mment.htm. A 30 day public notice soliciting comment andtgpation was published in the Burke
County Tribune, The Bismarck Tribune, and the MiDaily News.

The only comments received were from the EPA Re8ioithese were their normal public notice review
comments. There were no comments received whauhirexl a response by the NDDoH..

10.0 MONITORING

To insure that the BMPs implemented as part ofvaatershed restoration plan will reduce phosphorus
levels and result in a corresponding increasesaaived oxygen, water quality monitoring will be
conducted in accordance with an approved Qualigufence Project Plan (QAPP)

Specifically, monitoring will be conducted for a&triables that are currently causing impairmentsiéo
beneficial uses of the waterbody. These includeabainot limited to nutrients (i.e. nitrogen and
phosphorus) and dissolved oxygen. Once a watergséatration plan (e.g. Section 319 Project
Implementation Plan) is implemented, monitoringl Wwé conducted in the reservoir beginning two years
after implementation and extending five years afterimplementation project is complete

11.0 TMDL IMPLEMENTATION STRATEGY

Implementation of TMDLSs is dependent upon the amlity of Section 319 NPS funds or other
watershed restoration programs (e.g. USDA EQIPyealkas securing a local project sponsor and
required matching funds. Provided these three remeénts are in place, a project implementation plan
(PIP) is developed in accordance with the TMDL anldmitted to the ND Non point Source Pollution
Task Force and US EPA for approval. The implementaif the best management practices contained in
the NPS PIP is voluntary. Therefore, success ofldpL implementation project is ultimately
dependant on the ability of the local project sporte find cooperating producers.
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Monitoring is an important and required compondrdryy PIP. As a part of the PIP, data are colletted
monitor and track the effects of BMP implementatsnwell as to judge overall project success. Quali
Assurance Project Plans (QAPPSs) detail the stratégpw, when, and where monitoring will be
conducted to gather the data needed to documeiiMizd. implementation goal(s). As data are gathered
and analyzed, watershed restoration tasks areedlapplace BMPs where they will have the greatest
benefit to water quality.

12.0REFERENCES
Carlson, R.E. 1977A Trophic State Index for Lakdsmnology and Oceanography. 22:361-369.

Carlson, R.E. 1980More complications in the chlorophyll-Secchi diskationship.Oceanography.
25:375-382.

Carlson, R.E. and J. Simpson. 1996Coordinator’'s Guide to Volunteer Lake MonitoriNgthods
North American Lake Management Society. 96 pp.

Carpenter, S.R., Caraco, N.F., Correll, D.L., HaWwaR.W., Sharpley, A.N., Smith, V.H.,1998. Non
point Pollution of Surface Waters with Phosphoma Blitrogen Ecological Application8: 559-568.

Chapra, S., 1997. Surface Water-Quality Monitorifige McGraw Hill Companies, Inc.

Cooke, G. Dennis, et. al., 198®estoration and Management of Lakes and Resern®fted. Boca
Raton: Lewis, 1993.

Dodds, W. K. 2002. Freshwater Ecology: ConceptseEamdronmental Applications. Academic Press,
San Diego, California.

Enz, John W. 2003North Dakota Topographic, Climate, and Agricultu@VerviewNorth Dakota State
University. Available ahttp://www.soilsci.ndus.nodak.edu?Enz/enz/repodidimate.htm

Forester, Deborah L., 200@0Vater Quality in the Credit River: 1964 to 1998.A. Department of
Geography/Institute for Environmental Studies, énsity of Toronto, Canada.

Hutchinson, G.E. 197Eutrophication. The Scientific Background of a Gonporary Practical
Problem.American Science. 61:269-279.

MacDonald, L.H., A. Smart, and R.C. Wissmar. 198onitoring guidelines to evaluate effects of
forestry activities on streams in the Pacific Nevédst and AlaskeEPA Publication.

Middlebrooks, E.J. Falkenborg, D.H. Maloney, T.B91.Modeling the Eutrophication Proces&nn
Arbor Science Publishers, Inc. Ann Arbor, Ml

Mulholland, P.J. and Elwood, J.W. 198he role of lake and reservoir sediments as sinkke
perturbed global carbon cyclé@ellus, v. 34, pp. 490-499.

NDASS. 2004North Dakota Landcover Classification 2008orth Dakota Agricultural Statistics
Service & North Dakota State University Extensi@an&ce, Fargo, North Dakota. CD-ROM.



Short Creek Dam Nutrient and Dissolved Oxygen TMDLs Final: August 2009
Page 30 of 31

NDAWN. 2004.Bowbells, North Dakota Weather Statiddorth Dakota Agricultural Weather Network.
North Dakota State University, Fargo, North Dakdtaailable at:
http://ndawn.ndsu.nodak.edu/index.html

NDDoH. 1996.North Dakota Lake Assessment Atlas, Volumidtth Dakota Department of Health,
Division of Water Quality, Bismarck, North Dakota.

NDDoH. 1997. North Dakota Non Point Source PollatRrogram Fact Sheetsitrates, Phosphorus,
andTSS.North Dakota Department of Health, Division of Wa@ality, Bismarck, North Dakota.
Available at:http://www.health.state.nd.us/wg/sw/Z1_NPS/A_Maimh

NDDoH. 1998 North Dakota Water Quality Assessment 1996-18&#fth Dakota Department of Health,
Division of Water Quality, Bismarck, North Dakota.

NDDoH. 2000.North Dakota Water Quality Assessment 1998-1998rth Dakota Department of
Health, Division of Water Quality, Bismarck, Noifrakota.

NDDoH. 2006.Standards of Water Quality for the State of Nortk@ta.Chapter 33-16-02 of the North
Dakota Century Code. North Dakota Department ofltHeBivision of Water Quality, Bismarck, North
Dakota.

NDDoH. 2003.Quality Assurance Project Plan for the Short Cr@eim TMDL Development Project.
North Dakota Department of Health, Division of Wafuality, Bismarck, North Dakota.

NDDoH. 2008 North Dakota 2008 Integrated Section 305(b) Watealdy Assessment Report and
Section 305(d) List of Waters Needing Total MaxinRaity Loads.North Dakota Department of Health,
Division of Water Quality, Bismarck, North Dakota.

Nurnberg, Gertrud K., 1995. Quantifying Anoxia iaKes.Limnology and Oceanograpt#0:1100-1111.

Nurnberg, Gertrud K., 1995. The anoxic Factor, a@iative Measure of Anoxia and Fish Species
Richness in Central Ontario Lakdgansactions of the American Fisheries Socigty: 677-686.

Nurnberg, Gertrud K., 1997. Coping with Water Quyairoblems due to Hypolimnetic Anoxia in Central
Ontario LakesWater Qual. Res. J. Canad2:391-405.

Nurnberg, Gertrud K., 1998. Trophic State of Claad Colored, Soft and Hardwater Lakes with Special
Consideration of Nutrients, Anoxia, Phytoplanktenl &ish.Journal of Lake and Reservoir Management
12:432-447.

Thorton, Kent W. Kimmel, B. Payne, Forrest E. AQ9Reservoir Limnology: Ecological Perspectives
Wiley-Interscience Publication. New York, NY.

Tunney, H. Carton O.T. 199 Phosphorus Loss from Soil to Wat&ab International. New York, NY.
USEPA, NDDoH, et. al. 199&coregions of North Dakota and South Dakd®taster.

USEPA, 1999aProtocol for Developing Nutrient TMDLSEPA 841-B-99-007. U.S. Environmental
Protection Agency. Office of Water, Washington, DC.



Short Creek Dam Nutrient and Dissolved Oxygen TMDLs Final: August 2009
Page 31 of 31

USEPA, 1999bProtocol for Developing Sediment TMDLEPA 841-B-99-004. U.S. Environmental
Protection Agency. Office of Water, Washington, DC.

Vollenweider, R.A. 1968Scientific Fundamentals of the Eutrophication okésand lowing Waters,
with Particular Reference to Nitrogen and Phosplsoas Factors in Eutrophicatioechnical Report
DAS/CSI/68.27, Organization for Economic Coopema@gmd Development, Paris.

Walker, W.W. 1996Simplified Procedures for Eutrophication Assessnaault Prediction: User Manual.
Instruction Report W-96-2. U.S. Army Corps of Erggn Waterways Experiment Station, Vicksburg,
MS.

Waters, T.F. 19955ediment in streams — Sources, biological effactd,control American Fisheries
Society, Monograph 7. Bethesda, Maryland.

Wax, Peter . 2005. Environmental Scientist. Norétk@a Department of Health, Bismarck, ND.
Telephone conversations over the period of Jan2@@dy to May 2005.

Wetzel, R.G. 1983Limnology 2" ed. Saunders College Publishing. Fort Worth, TX



Appendix A

A Calibrated Trophic Response Model (BATHTUB) for Short Creek Dam
and Model Output



A Calibrated Trophic Response Model (Bathtub) for $iort Creek Dam
As a Tool to Evaluate Various Nutrient Reduction Aternatives
Based on Data Collected by the Burke County Soil Gservation District from
July 11, 2004 through October 29, 2005
Prepared by
Peter Wax
July 7, 2006 Revised June, 2009

Introduction

In order to meet the project goals, as set forttheyproject sponsors of identifying possible opgico improve the trophic
condition of Short Creek Dam to levels capable afrrtaining the reservoirs beneficial uses (e.ghifig, recreation, and
drinking water supply), and the objectives of thisject, which are to: (1) develop a nutrient aedisient budget for the
reservoir; (2) identify the primary sources andsesuof nutrients and sediments to the reservair(@nexamine and make
recommendations for reservoir restoration measuhésh will reduce documented nutrient and sedinieadings to the
reservoir, a calibrated trophic response modeldeagloped for Short Creek Dam. The model enablessiigations into
various nutrient reduction alternatives relativere project goal of improving Short Creek Darmophic status. The model
will allow resource managers and the public toteetdhanges in nutrient loadings to the trophic @odof the reservoir and
to set realistic lake restoration goals that arergifically defensible, achievable and sociallgeptable.

Methods

For purposes of this project, the BATHTUB programswuse to predict changes in trophic status basetianges in nutrient
loading. The BATHTUB program, developed by the USn# Corps of Engineers Waterways Experiment StatWalker
1996), applies an empirically derived eutrophiaatimodel to reservoirs. The model is developediieglphases. The first two
phases involve the analysis and reduction of ibatary and in-lake water quality data. The thitchpe involves model
calibration. In the data reduction phase, the k&land tributary monitoring data collected as péthe project are
summarized, or reduced, in a format which can sasvi@puts to the model. The following is a brigblanation of the
computer software, methods, and procedures useahtplete each of these phases.

Tributary Data

To facilitate the analysis and reduction of trilbytenflow and outflow water quality and flow dataet FLUX program was
employed. The FLUX program, also developed by tBeQdrps of Engineers Waterways Experiment Statidalker 1996),
uses six calculation techniques to estimate theageemass discharge or loading that passes a gieror stream site. FLUX
estimates loadings based on grab sample chemicaéntrations and continuous daily flow record. Laatherefore defined
as the mass of a pollutant during a given timeagak¢e.g., hour, day, month, season, year). The Fptdgram allows the
user, through various iterations, to select thetrappropriate load calculation technique and didification scheme, either
by flow or date, which will give a load estimatetiivthe smallest statistical error, as represengetthd coefficient of variation.
Output from the FLUX program is then provided asrguut file to calibrate the BATHTUB eutrophicatioesponse model.
For a complete description of the FLUX programrtader is referred to Walker (1996).

Lake Data

Short Creek Dam'’s in-lake water quality data wakioed using Microsoft Excel. The data was redunezkcel to provide
three computational functions, including: (1) thelity to display constitute concentrations as acfion of depth, location,
and/or date; (2) calculate summary statistics (engan, median and standard error in the mixed lafythe lake or reservoir);
and (3) track the temporal trophic status. As ésahse with FLUX, output from the Excel programsgd as input to calibrate
the BATHTUB model.

Bathtub Model Calibration

As stated previously, the BATHTUB eutrophicationdabwas selected for this project as a means déiatrag the effects of
various nutrient reduction alternatives on the foted trophic status of Short Creek Dam. BATHTUBfpans water and
nutrient balance calculations in a steady-state. BATHTUB model also allows the user to spatiattgiment the reservoir.
Eutrophication related water quality variables (etgtal phosphorus, total nitrogen, chlorophgyliSecchi disk depth, organic
nitrogen, orthophosphorous, and hypolimnetic oxydepletion rate) are predicted using empiricalti@hships previously
developed and tested for reservoir systems (W4l885b).



Within the BATHTUB program the user can select freinschemes based on reservoir morphometry andetbés of the
resource manager. Using BATHTUB the user can viewéservoir as a single spatially averaged regeovas single
segmented reservoir. The user can also model gittie reservoir, such as an embayment, or modellection of reservoirs.
For purposes of this project, Short Creek Dam wadeted as a single, spatially averaged, reservoir.

Once input is provided to the model from FLUX and@& the user can compare predicted conditions (hedel output) to
actual conditions. Since BATHTUB uses a set of galired rates and factors, predicted vs. actuatlitioms may differ by a
factor of 2 or more using the initial, un-calibrétenodel. These differences reflect a combinatiom@asurement errors in the
inflow and outflow data, as well as unique featwethe reservoir being modeled.

In order to closely match an actual in-lake conditiith the predicted condition, BATHTUB allows theer to modify a set
of calibration factors (Table 1). For a completsatgtion of the BATHTUB model the reader is reéatto Walker (1996).

Table 1. Selected model parameters, number and nanof model, and where appropriate the calibrationdctor used for
Short Creek Dam Bathtub Model.

Model Option Model Selection Calibration Factor

Conservative Substance 0 Not Computed 1.00
Phosphorus Balance 7 Settling Velocity 31.1
Phosphorus — Ortho P 7 3.50
Nitrogen Balance 7 Settling Velocity 1.00
Organic Nitrogen 7 6.00
Chlorophyll-a 2 P, Light, Turbidity 0.17
Secchi Depth 1 vs. Chla & Turbidity 1.00
Phosphorus Calibration 2 Concentrations NA
Nitrogen Calibration 2 Concentrations NA
Availability Factors 2 All Models Except 2 NA
Mass-Balance Tables 0 Use Observed Concentrations NA

Results

The trophic response model, BATHTUB, has been catiénl to match Short Creek Dantrophic response for the project
period between June 11, 2004 to October 29 2008.i3laccomplished by combining tributary loading the hydrologic year
October 31, 2004 through October 31, 2005 withakelwater quality collected between October 314284 October 31,
2005. Tributary flow and concentration data for peject period are reduced by the FLUX program thwedcorresponding in-
lake water quality data are reduced utilizing Exd@éle output from these two programs is then predids input to the
BATHTUB model. The model is calibrated through sevéerations, first by selecting appropriate enwail relationships for
model coefficients (e.g., nitrogen and phosphoagsnsentation, nitrogen and phosphorus decay, oxggetetion, and
algal/chlorophyll growth), and second by adjustingdel calibration factors for those coefficientalfle 1). The model is
termed calibrated when the predicted estimatethéotrophic response variables are similar to oleskestimates made from
project monitoring data.

The two most important nutrients controlling trophésponse in Short Creek Dam are nitrogen andpbloogs. After
calibration the observed average annual concentrafitotal nitrogen and total phosphorus compagk with those of the
BATHTUB model. The model predicts that the reserbais an annual volume weighted average total ftorap
concentration of 0.901 mg'iand an annual average volume weighted total réiampncentration of 2.531 mg‘lcompared
to observed values for total phosphorus and tataigen of 0.900 mg t and 2.548 mg &, respectively (Table 2).

Other measures of trophic response predicted bgntieel are average annual chlorophyll-a conceontratnd average Secchi
disk transparency. The calibrated model did jugias a job of predicting average chlorophyll-aaamration and Secchi
disk transparency within the reservoir as totalgpimrus and total nitrogen (Table 2).

Once predictions of total phosphorus, chlorophybwad Secchi disk transparency are made, the neatirilates Carlsos
Trophic Status Index (TSI) (Carlson 1977) as a medmexpressing predicted trophic response (Tapl€&lsors TSI is an



index that can be used to measure the relativiitgtate of a lake or reservoir. Simply stategphic state is how much
production (i.e., algal and weed growth) occurthmwaterbody. The lower the nutrient concentratiare within the
waterbody the lower the production and the lowertthphic state or level. In contrast, increasetient concentrations in a
lake or reservoir increase the production of akyae weeds which make the lake or reservoir mon@phic or of a higher
trophic state. Oligotrophic is the term which déses the least productive lakes and hypereutroghite term used to
describe lakes and reservoirs with excessive mirignd primary production.

Table 2. Observed and Predicted Values for Select@dophic Response Variables for the
Calibrated BATHTUB Model.

Variable Observed Predicted

Total Phosphorus as P (ug/L) 0.9p0 0.901
Total Dissolved Phosphorus as P (ug/L) 0.815 0.817
Total Nitrogen as N (ug/L) 2.584 2.531
Organic Nitrogen as N (ug/L) 2.337 2.289
Chlorophyll-a (ug/L) 8.00 7.87
Secchi Disk Transparency (meters) 1125 1.26
Carlsons TSI for Phosphorus 102.24 102.24
Carlsons TSI for Chlorophyll-a 51.00 50.84
Carlsons TSI for Secchi Disk 56.78 56.72

Figure 1 provides a graphic summary of the TSI edfiog each trophic level compared to values fohezcthe trophic
response variables. The calibrated model providedigtions of trophic status which are similartie bbserved TSI values for
the project period (Table 2). Over all the predicéed observed TSI values for phosphorus, chlodbphy Secchi disk depth
suggest Short Creek Dam is eutrophic. Figure 2gimphic that shows the annual temporal distrilbutibShort Creek Dam
trophic state based on the three parameters totesphorus as phosphate, and chloropaylencentrations and Secchi disk
depth.

Model Predictions

Once the model is calibrated to existing conditidthe model can be used to evaluate the effectsseobany number of
nutrient reduction or lake restoration alternativeisis evaluation is accomplished comparing predid¢tophic state, as
reflected by Carlsoa TSI, with currently observed TSI values. Modeteittient reduction alternatives are presentedrieeth
basic categories: (1) reducing externally derivettiant loads; (2) reducing internally availablgnents; and (3) reducing
both external and internal nutrient loads. For 88oeek Dam only external nutrient loads were asiskd. External nutrient
loads were addressed because they are known te eatrsphication and because they are controlthbbeigh the
implementation of watershed Best Management Pex{MPS).

Figure 1. Graphic depiction of Carlson's Trophic Satus Index
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Figure 2. Temporal distribution of Carlosn's Trophic Status Index scores for Short Creek Dam (7/11/28a10/31/2005)

Predicted changes in trophic response to Shortkddaen were evaluated by reducing externally derpledsphorus loads by
25, 50, 75, and 90 percent. These reductions viendated in the model by reducing the phosphorwsratrogen
concentrations in the contributing tributary andestexternal delivery sources by 25, 50, 75, ande30ent. Since there is no
reliable means of estimating how much hydrauliclkisge would be reduced through the implementati@MPs, flow was
held constant.

The model results indicate that if it were possibleeduce external phosphorus loading to Shor¢iCBam by 90 percent the
average annual total phosphorus concentratiorfteitake would decrease significantly (Table 3, Fegg). With a 90 percent
reduction in external phosphorus and nitrogen Itta@model predicts a reduction in CarlsofRSI score from 51.00 to 31.86
for chlorophylla and from 56.78 to 53.31 for Secchi disk transpayen

Table 3. Calibrated model, Observed, and Predicte®alues for Selected Trophic Response Variables As®sing a 25,
50, 75, 90 Percent Reduction in External Phosphoruand Nitrogen Loading.

Variable Observed -25% -50% -75% -90%
Total Phosphorus as P (mg/L) 0.900 0.678 0.453 80.22 0.094
Total Dissolved Phosphorus (mg/L) 0.815 0.599 .38 0.172 0.051
Total Nitrogen as N (mg/L) 2.584 1.926 1.321 0.716 0.353
Chlorophylla (pg/L) 8.00 7.07 5.75 3.35 1.14
Secchi Disk Transparency (meters) 1.25 1.29 1.34 46 1. 1.59
Carlsons TSI for Phosphorus 102.24 98.15 92.34 82.47 69.59
Carlsons TSI for Chlorophyll-a 51.00 49.79 47.75 42.45 31.86
Carlsons TSI for Secchi Disk 56.78 56.36 55.73 54.52 53.31
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Model Output:



Gross Water Balance/Model Calibration

CASE: Short Creek 2005
GROSS WATER BALANCE:

DRAINAGE AREA  ---- FLOW
ID T LOCATION KM2 MEAN
1 1 NE_INLET 36.260 .700
2 1S_lInlet 504.400 2.868
3 1 UnGauged 437 .090
4 4 Outlet 541.090 3.505
PRECIPITATION 437 .262
TRIBUTARY INFLOW 541.097 3.658
**TOTAL INFLOW 541.534 3.920
GAUGED OUTFLOW 541.090 3.505
ADVECTIVE OUTFLOW 444 -.022
**TOTAL OUTFLOW 541.534 3.483
**EVVAPORATION .000 437

(HM3/YR) ----
VARIANCE CV

RUNOFF
M/YR

.000E+00 .000
.000E+00 .000
.000E+00 .000
.000E+00 .000

.019
.006
.206
.006

.275E-02 .200
.000E+00 .000
.275E-02 .013
.000E+00 .000
.199E-01 6.477
.199E-01 .041
.172E-01 .300

.600
.007
.007
.006
-.049
.006
.000

GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRANS

COMPONENT: CONSERV

----- LOADING ---- --- VARIA
ID T LOCATION KG/IYR %(l) KG/YR**2
11 NE_INLET .0 .0 .000E+00
21S Inlet .0 .0 .000E+00
3 1 UnGauged .0 .0 .000E+00
4 4 Outlet .0 .0 .000E+00
HYDRAULIC = ---------m---- CONSERV ---

OVERFLOW RESIDENCE  POOL RESIDENCE TURNOVER
RATE TIME CONC TIME RATIO
M/YR YRS MG/M3 YRS -
7.97 .4360 .0 .0000 .0000

NCE ---

CONC EXPORT
%() CV MG/M3 KG/KM2

.000
.000
.000
.000

coooo

coooo

coooo

RETENTION
COEF

.0000



GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRANS

COMPONENT: TOTAL P
----- LOADING ---- --- VARIA

ID T LOCATION KG/YR %(l) KG/YR**2
11 NE_INLET 637.8 12.6 .000E+00
21 S_Inlet 4284.4 84.4 .000E+00

3 1 UnGauged 131.5 2.6 .000E+00

4 4 Outlet 2327.3 45.9 .000E+00

19.6 .4 .960E+02
5053.7 99.6 .000E+00
5073.3 100.0 .960E+02
3154.5 62.2 .000E+00
-19.6 -4 .161E+05
3134.9 61.8 .161E+05
1938.4 38.2 .162E+05

PRECIPITATION
TRIBUTARY INFLOW
**TOTAL INFLOW
GAUGED OUTFLOW
ADVECTIVE OUTFLOW
**TOTAL OUTFLOW
**RETENTION

-------------- TOTAL P ---
POOL RESIDENCE TURNOVER
TIME RATIO
YRS -
.2694 3.7120

HYDRAULIC
OVERFLOW RESIDENCE
RATE TIME CONC
M/YR YRS MG/M3
7.97 .4360 900.0

NCE ---

CONC EXPORT
%() CV MG/M3 KG/KM2

.000 911.2 17.6
.000 14939 8.5
.000 1461.0 300.9
.000 664.0 4.3

ocoooo

100.0 .500 74.7 44.9
.0 .000 1381.6 9.3
100.0 .002 1294.1 9.4
.0 .000 900.0 5.8
16821.1 6.477 900.0 -44.2
16820.9 .041 900.0 5.8

169209 066 0 .0

RETENTION
COEF

.3821

GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRANS

COMPONENT: TOTAL N
----- LOADING ---- --- VARIA

ID T LOCATION KG/YR %(l) KG/YR**2
11 NE_INLET 1028.1 15.7 .000E+00
21S_lInlet 4951.7 75.4 .000E+00

3 1 UnGauged 155.8 2.4 .000E+00

4 4 Outlet 8068.5 122.9 .000E+00

430.4 6.6 .463E+05
6135.6 93.4 .000E+00
6566.0 100.0 .463E+05
8930.7 136.0 .000E+00
-55.5 -8 .129E+06
8875.2 135.2 .129E+06
-2309.2 -35.2 .176E+06

PRECIPITATION
TRIBUTARY INFLOW
**TOTAL INFLOW
GAUGED OUTFLOW
ADVECTIVE OUTFLOW
**TOTAL OUTFLOW
***RETENTION

-------------- TOTALN -
POOL RESIDENCE TURNOVER
TIME RATIO
YRS -
5893 1.6969

HYDRAULIC
OVERFLOW RESIDENCE
RATE TIME CONC
M/YR YRS MG/M3
7.97 4360 2548.0

NCE --- CONC EXPORT
%(l) CV MG/M3 KG/KM2

.0 .000 1468.7 28.4
.0 .000 1726.5 9.8
.0 .000 1731.2 356.6
0 .000 2302.0 14.9

100.0 .500 1641.7 985.0
.0 .000 1677.3 11.3
100.0 .033 16749 121
.0 .000 2548.0 16.5
279.46.477 2548.0 -125.1
279.4 041 2548.0 16.4

3794 182 0 .0

RETENTION
COEF

-.3517



Short Creek Dam at 25% Reduction in Nutrient Load

CASE: Short Creek 2005 - 25%
GROSS WATER BALANCE:

DRAINAGE AREA  ---- FLOW
ID T LOCATION KM2 MEAN
1 1 NE_INLET 36.260 .700
2 1S_lInlet 504.400 2.868
3 1 UnGauged 437 .090
4 4 Outlet 541.090 3.505
PRECIPITATION 437 .262
TRIBUTARY INFLOW 541.097 3.658
**TOTAL INFLOW 541.534 3.920
GAUGED OUTFLOW 541.090 3.505
ADVECTIVE OUTFLOW 444 -.022
**TOTAL OUTFLOW 541.534 3.483
**EVVAPORATION .000 437

(HM3/YR) ----  RUNOFF
VARIANCE CV  M/YR
.000E+00 .000  .019
.000E+00 .000  .006
.000E+00 .000  .206
.000E+00 .000  .006
275E-02 .200  .600
.000E+00 .000  .007
275E-02 .013  .007
.000E+00 .000  .006
199E-01 6.477  -.049
199E-01 .041  .006
A72E-01 .300  .000

GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRANS

COMPONENT: TOTAL P
----- LOADING ---- --- VARIA

ID T LOCATION KG/YR %(l) KG/YR**2
11 NE_INLET 298.2 12.7 .000E+00
21 S_Inlet 1978.9 84.2 .000E+00

3 1 UnGauged 60.8 2.6 .000E+00

4 4 Outlet 2327.3 99.0 .000E+00

131 .6 .430E+02
2337.9 99.4 .000E+00
2351.0 100.0 .430E+02
3154.5 134.2 .000E+00
-19.6 -8 .161E+05
3134.9 133.3 .161E+05
-783.9 -33.3 .162E+05

PRECIPITATION
TRIBUTARY INFLOW
**TOTAL INFLOW
GAUGED OUTFLOW
ADVECTIVE OUTFLOW
**TOTAL OUTFLOW
**RETENTION

-------------- TOTAL P ---
POOL RESIDENCE TURNOVER
TIME RATIO
YRS -
5813 1.7202

HYDRAULIC
OVERFLOW RESIDENCE
RATE TIME CONC
M/YR YRS MG/M3
7.97 .4360 900.0

NCE --- CONC EXPORT
%() CV MG/M3 KG/KM2
.0 .000 426.0 8.2
.0 .000 690.0 3.9
.0 .000 675.0 139.0
0 .000 664.0 4.3
100.0 .500 50.0 30.0
.0 .000 639.1 43
100.0 .003 599.7 4.3
.0 .000 900.0 5.8

37581.8 6.477 900.0 -44.2
37581.3 .041 900.0 5.8
37681.3 162 0 .0

RETENTION
COEF

-.3334



GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRANS

COMPONENT: TOTAL N
----- LOADING ---- --- VARIA

ID T LOCATION KG/YR %(l) KG/YR**2
11 NE_INLET 1142.4 15.1 .000E+00
21 S_Inlet 5790.5 76.7 .000E+00

3 1 UnGauged 182.3 2.4 .000E+00

4 4 Outlet 8068.5 106.8 .000E+00

437.0 5.8 .477E+05
7115.1 94.2 .000E+00
7552.1 100.0 .477E+05
8930.7 118.3 .000E+00
-55.5 -7 .129E+06
8875.2 117.5 .129E+06
-1323.1 -17.5 .177E+06

PRECIPITATION
TRIBUTARY INFLOW
**TOTAL INFLOW
GAUGED OUTFLOW
ADVECTIVE OUTFLOW
**TOTAL OUTFLOW
**RETENTION

HYDRAULIC = -----memmeee- TOTAL N ---
OVERFLOW RESIDENCE POOL RESIDENCE TURNOVER
RATE TIME CONC TIME RATIO
M/YR YRS MG/M3 YRS -
7.97 4360 2548.0 .5123 1.9518
CASE: Short Creek 2005 - 25 %

OBSERVED AND PREDICTED DIAGNOSTIC VARIABLES
RANKED AGAINST CE MODEL DEVELOPMENT DATA SET
SEGMENT: 1 Short Crk Dam

----- VALUES ----- --- RANKS (%

VARIABLE OBSERVED ESTIMATED OBSERVED EST
TOTALP MG/M3 900.00 677.67 99.9
TOTALN MG/M3 2548.00 1926.47 92.8
C.NUTRIENT MG/M3 195.08 144.63 98.3
CHL-A MG/M3 800 7.07 418
SECCHI M 125 129 57.6
ORGANIC N MG/M3 2337.00 2180.74  99.9
TP-ORTHO-P MG/M3 85.00 79.49 86.4
HOD-V MG/M3-DAY .00 83.77 .0
MOD-V MG/M3-DAY .00 7249 .0
ANTILOG PC-1  997.52 752.84 85.8
ANTILOG PC-2 581 572 423

(N - 150) / P 266 262 .3
INORGANICN/P 26 .00 .0
TURBIDITY 1/M .60 .60 49.3
ZMIX * TURBIDITY ~ 2.04 2.04 288
ZMIX / SECCHI 272 264 167
CHL-A*SECCHI  10.00 9.11 48.9
CHL-A/TOTALP 01 .01 .0
FREQ(CHL-a>10) % 25.14 1925 .0
FREQ(CHL-a>20)% 3.69 235 .0
FREQ(CHL-a>30)% .73 .41 .0
FREQ(CHL-a>40)% .18 .10 .0
FREQ(CHL-a>50)% .05 .03 .0
FREQ(CHL-a>60)% .02 .01 .0
CARLSON TSI-P  102.24 98.15 .0
CARLSON TSI-CHLA 51.00 49.79 .0
CARLSON TSI-SEC  56.78 56.36 .0

NCE --- CONC EXPORT
%() CV MG/M3 KG/KM2

.000 1632.0 31.5
.000 2019.0 11.5
.000 2025.0 417.0
.000 2302.0 14.9

coooo

100.0 .500 1666.7 1000.0
.0 .000 1945.1 131
100.0 .029 1926.5 13.9
.0 .000 2548.0 16.5
271.16.477 2548.0 -125.1
271.1 .041 2548.0 16.4

3711 318 0 0

RETENTION
COEF

-.1752

) -
IMATED

cocobooooooo



Short Creek Dam at 50% Reduction in Nutrient Load

CASE: Short Creek 2005 - 50%
GROSS WATER BALANCE:

DRAINAGE AREA  ---- FLOW
ID T LOCATION KM2 MEAN
1 1 NE_INLET 36.260 .700
2 1S_lInlet 504.400 2.868
3 1 UnGauged 437 .090
4 4 Outlet 541.090 3.505
PRECIPITATION 437 .262
TRIBUTARY INFLOW 541.097 3.658
**TOTAL INFLOW 541.534 3.920
GAUGED OUTFLOW 541.090 3.505
ADVECTIVE OUTFLOW 444 -.022
**TOTAL OUTFLOW 541.534 3.483
**EVVAPORATION .000 437

(HM3/YR) ----  RUNOFF
VARIANCE CV  M/YR
.000E+00 .000  .019
.000E+00 .000  .006
.000E+00 .000  .206
.000E+00 .000  .006
275E-02 .200  .600
.000E+00 .000  .007
275E-02 .013  .007
.000E+00 .000  .006
199E-01 6.477  -.049
199E-01 .041  .006
A72E-01 .300  .000

GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRANS

COMPONENT: TOTAL P
----- LOADING ---- --- VARIA

ID T LOCATION KG/YR %(l) KG/YR**2
11 NE_INLET 198.8 12.6 .000E+00
21S_Inlet 1319.3 83.9 .000E+00

3 1 UnGauged 40.5 2.6 .000E+00

4 4 Outlet 2327.3 148.1 .000E+00

13.1 .8 .430E+02
1558.6 99.2 .000E+00
1571.7 100.0 .430E+02
3154.5 200.7 .000E+00
-19.6 -1.2 .161E+05
3134.9 199.5 .161E+05
-1563.2 -99.5 .162E+05

PRECIPITATION
TRIBUTARY INFLOW
**TOTAL INFLOW
GAUGED OUTFLOW
ADVECTIVE OUTFLOW
**TOTAL OUTFLOW
**RETENTION

-------------- TOTALP ---
POOL RESIDENCE TURNOVER
TIME RATIO
YRS -
.8696 1.1500

HYDRAULIC
OVERFLOW RESIDENCE
RATE TIME CONC
M/YR YRS MG/M3
7.97 .4360 900.0

NCE --- CONC EXPORT
%() CV MG/M3 KG/KM2

5.5
2.6
92.7
4.3

.000 284.0
.000 460.0
.000 450.0
.000 664.0

coooo

100.0 .500 50.0 30.0
.0 .000 426.1 2.9
100.0 .004 4009 2.9
.0 .000 900.0 5.8
37581.8 6.477 900.0 -44.2
37581.3 .041 900.0 5.8

37681.3 .081 0 .0

RETENTION
COEF

-.9946



GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRANS

COMPONENT: TOTAL N
----- LOADING ---- --- VARIA

ID T LOCATION KG/YR %(l) KG/YR**2
11 NE_INLET 761.6 14.7 .000E+00
21 S_Inlet 3860.3 74.5 .000E+00

3 1 UnGauged 121.5 2.3 .000E+00

4 4 Outlet 8068.5 155.7 .000E+00

437.0 8.4 .477E+05
4743.4 91.6 .000E+00
5180.4 100.0 .477E+05
8930.7 172.4 .000E+00
-55.5 -1.1 .129E+06
8875.2 171.3 .129E+06
-3694.8 -71.3 .177E+06

PRECIPITATION
TRIBUTARY INFLOW
**TOTAL INFLOW
GAUGED OUTFLOW
ADVECTIVE OUTFLOW
**TOTAL OUTFLOW
**RETENTION

-------------- TOTALN ---
POOL RESIDENCE TURNOVER
TIME RATIO
YRS -
.7469 1.3388

HYDRAULIC
OVERFLOW RESIDENCE
RATE TIME CONC
M/YR YRS MG/M3
7.97 4360 2548.0

CASE: Short Creek 2005 - 50%

OBSERVED AND PREDICTED DIAGNOSTIC VARIABLES
RANKED AGAINST CE MODEL DEVELOPMENT DATA SET
SEGMENT: 1 Short Crk Dam

----- VALUES ----- --- RANKS (%

VARIABLE OBSERVED ESTIMATED OBSERVED EST
TOTALP MG/M3 900.00 453.04 99.9
TOTALN MG/M3 2548.00 1321.47 92.8
C.NUTRIENT MG/M3 195.08 9543  98.3
CHL-A MG/M3 800 575 41.8
SECCHI M 125 134 57.6
ORGANIC N MG/M3 2337.00 1999.01 99.9
TP-ORTHO-P MG/M3 85.00 7121 86.4
HOD-V MG/M3-DAY .00 7549 .0
MOD-V MG/M3-DAY .00 6533 .0
ANTILOG PC-1  997.52 499.84 85.8
ANTILOG PC-2 581 548 42.3

(N - 150) / P 266 259 .3
INORGANICN/P 26 .00 .0
TURBIDITY 1/M .60 .60 49.3
ZMIX * TURBIDITY ~ 2.04 204 288
ZMIX / SECCHI 2.72 253 167
CHL-A* SECCHI  10.00 7.73 48.9
CHL-A/TOTALP 01 .01 .0
FREQ(CHL-a>10) % 25.14 1143 .0
FREQ(CHL-a>20) % 3.69 1.01 .0
FREQ(CHL-a>30)% .73 .15 .0
FREQ(CHL-a>40)% .18 .03 .0
FREQ(CHL-a>50) % .05 .01 .0
FREQ(CHL-a>60) % .02 .00 .0
CARLSON TSI-P 102.24 9234 .0
CARLSON TSI-CHLA 51.00 47.75 .0
CARLSON TSI-SEC  56.78 5573 .0

NCE --- CONC EXPORT
%() CV MG/M3 KG/KM2

.000 1088.0 21.0
.000 1346.0 7.7
.000 1350.0 278.0
.000 2302.0 14.9

ocoooo

100.0 .500 1666.7 1000.0
.0 .000 1296.7 8.8
100.0 .042 13215 9.6
.0 .000 2548.0 16.5
271.16.477 2548.0 -125.1
271.1 .041 2548.0 16.4

3711 114 0 0

RETENTION
COEF

-.7132

) -
IMATED



Short Creek Dam at 75% Reduction in Nutrient Load

CASE: Short Creek 2005 - 75%
GROSS WATER BALANCE:

DRAINAGE AREA  ---- FLOW
ID T LOCATION KM2 MEAN
1 1 NE_INLET 36.260 .700
2 1S_lInlet 504.400 2.868
3 1 UnGauged 437 .090
4 4 Outlet 541.090 3.505
PRECIPITATION 437 .262
TRIBUTARY INFLOW 541.097 3.658
**TOTAL INFLOW 541.534 3.920
GAUGED OUTFLOW 541.090 3.505
ADVECTIVE OUTFLOW 444 -.022
**TOTAL OUTFLOW 541.534 3.483
**EVVAPORATION .000 437

(HM3/YR) ----  RUNOFF
VARIANCE CV  M/YR
.000E+00 .000  .019
.000E+00 .000  .006
.000E+00 .000  .206
.000E+00 .000  .006
275E-02 .200  .600
.000E+00 .000  .007
275E-02 .013  .007
.000E+00 .000  .006
199E-01 6.477  -.049
199E-01 .041  .006
A72E-01 .300  .000

GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRANS

COMPONENT: TOTAL P
----- LOADING ---- --- VARIA

ID T LOCATION KG/YR %(l) KG/YR**2
11 NE_INLET 99.4 12.5 .000E+00
21S_Inlet 659.6 83.2 .000E+00

3 1 UnGauged 20.3 2.6 .000E+00

4 4 Outlet 2327.3 293.7 .000E+00

131 1.7 .430E+02
779.3 98.3 .000E+00
792.4 100.0 .430E+02
3154.5 398.1 .000E+00
-19.6 -2.5 .161E+05
3134.9 395.6 .161E+05
-2342.5 -295.6 .162E+05

PRECIPITATION
TRIBUTARY INFLOW
**TOTAL INFLOW
GAUGED OUTFLOW
ADVECTIVE OUTFLOW
**TOTAL OUTFLOW
***RETENTION

-------------- TOTALP -
POOL RESIDENCE TURNOVER
TIME RATIO

YRS -
5798

HYDRAULIC
OVERFLOW RESIDENCE
RATE TIME CONC
M/YR YRS MG/M3
7.97 4360 900.0 1.7248

NCE --- CONC EXPORT
%(l) CV MG/M3 KG/KM2

.0 .000 142.0 2.7

.0 .000 230.0 1.3

.0 .000 225.0 46.3

.0 .000 664.0 4.3
100.0 .,500 50.0 30.0

.0 .000 213.0 1.4
100.0 .008 202.1 1.5

.0 .000 900.0 5.8

37581.8 6.477 900.0 -44.2
37581.3 .041 900.0 5.8
37681.2 054 0 0

RETENTION
COEF

-2.9562



GROSS MASS BALANCE BASED UPON OBSERVED CONCENTRANS

COMPONENT: TOTAL N
----- LOADING ---- --- VARIA

ID T LOCATION KG/YR %(l) KG/YR**2
11 NE_INLET 380.8 13.6 .000E+00
21 S_Inlet 1930.2 68.7 .000E+00

3 1 UnGauged 60.8 2.2 .000E+00

4 4 Outlet 8068.5 287.3 .000E+00

437.0 15.6 .477E+05
2371.7 84.4 .000E+00
2808.7 100.0 .477E+05
8930.7 318.0 .000E+00
-55.5 -2.0 .129E+06
8875.2 316.0 .129E+06
-6066.5 -216.0 .177E+06

PRECIPITATION
TRIBUTARY INFLOW
**TOTAL INFLOW
GAUGED OUTFLOW
ADVECTIVE OUTFLOW
**TOTAL OUTFLOW
**RETENTION

-------------- TOTALN ---
POOL RESIDENCE TURNOVER
TIME RATIO
YRS -
.7259

HYDRAULIC
OVERFLOW RESIDENCE
RATE TIME CONC
M/YR YRS MG/M3
7.97 4360 2548.0 1.3776

CASE: Short Creek 2005 - 75%
OBSERVED AND PREDICTED DIAGNOSTIC VARIABLES
RANKED AGAINST CE MODEL DEVELOPMENT DATA SET

SEGMENT: 1 Short Crk Dam
----- VALUES ----- --- RANKS (%

VARIABLE OBSERVED ESTIMATED OBSERVED EST

99.9
92.8
98.3

TOTALP MG/M3 900.00 228.41
TOTALN MG/M3 2548.00 716.47
C.NUTRIENT MG/M3 195.08  46.23
CHL-A MG/M3 800 3.35 418
SECCHI M 125 146 57.6
ORGANIC N MG/M3 2337.00 1670.76  99.9
TP-ORTHO-P MG/M3 85.00 56.26 86.4
HOD-V MG/M3-DAY .00 57.61 .0
MOD-V MG/M3-DAY .00 49.85 .0
ANTILOG PC-1  997.52 218.74 858
ANTILOG PC-2 581 451 423

(N - 150) / P 266 248 .3
INORGANICN/P 26 .01 .0
TURBIDITY 1/M .60 .60 49.3
ZMIX * TURBIDITY ~ 2.04 2.04 288
ZMIX / SECCHI 272 232 167
CHL-A*SECCHI  10.00 4.89 48.9
CHL-A/TOTALP 01 .01 .0
FREQ(CHL-a>10) % 25.14 1.90 .0
FREQ(CHL-a>20)% 3.69 .07 .0
FREQ(CHL-a>30)% .73 .01 .0
FREQ(CHL-a>40)% .18 .00 .0
FREQ(CHL-a>50) % .05 .00 .0
FREQ(CHL-a>60) % .02 .00 .0

CARLSON TSI-P 102.24 82.47 .0
CARLSON TSI-CHLA 51.00 42.45 .0
CARLSON TSI-SEC  56.78 54.52 .0

NCE --- CONC EXPORT
%() CV MG/M3 KG/KM2

.000 544.0 10.5
.000 673.0 3.8
.000 675.0 139.0

.000 2302.0 14.9

ocoooo

100.0 .500 1666.7 1000.0
.0 .000 648.4 4.4
100.0 .078 716.5 5.2
.0 .000 2548.0 16.5
271.16.477 2548.0 -125.1
271.1 .041 2548.0 16.4
3711 069 0 .0

RETENTION
COEF

-2.1599

) -
IMATED



Short Creek Dam at 90% Reduction in Nutrient Load

CASE: Short Creek 2005 (90 percent reduction in nut

CASE: Short Creek 2005
GROSS WATER BALANCE:

DRAINAGE AREA  ---- FLOW
ID T LOCATION KM2 MEAN
1 1 NE_INLET 36.260 .700
2 1S _Inlet 504.400 2.868
3 1 UnGauged 437 .090
4 4 Outlet 541.090 3.505
PRECIPITATION 437 .262
TRIBUTARY INFLOW 541.097 3.658
***TOTAL INFLOW 541.534 3.920
GAUGED OUTFLOW 541.090 3.505
ADVECTIVE OUTFLOW 444 -.022
**TOTAL OUTFLOW 541.534 3.483
***EVVAPORATION .000 437

rient loads)

(HM3/YR) ----  RUNOFF
VARIANCE CV M/YR
.000E+00 .000 .019
.000E+00 .000 .006
.000E+00 .000 .206
.000E+00 .000 .006
.275E-02 .200 .600
.000E+00 .000 .007
.275E-02 .013 .007
.000E+00 .000 .006
.199E-01 6.477 -.049
J199E-01 .041 .006
.172E-01 .300 .000

GROSS MASS BALANCE BASED UPON 90% REDUCTION IN OBERVED INFLOW CONCENTRATIONS

COMPONENT: TOTAL P
----- LOADING ---- --- VARIA

ID T LOCATION KG/YR %(l) KG/YR**2
11 NE_INLET 39.7 12.2 .000E+00
21S_Inlet 263.6 81.2 .000E+00

3 1 UnGauged 8.1 2.5 .000E+00

4 4 Qutlet 2327.3 717.3 .000E+00

13.1 4.0 .430E+02
311.4 96.0 .000E+00
324.5 100.0 .430E+02
3154.5 972.2 .000E+00
-19.6 -6.0 .161E+05
3134.9 966.2 .161E+05
-2810.4 -866.2 .162E+05

PRECIPITATION
TRIBUTARY INFLOW
**TOTAL INFLOW
GAUGED OUTFLOW
ADVECTIVE OUTFLOW
*»**TOTAL OUTFLOW
**RETENTION

-------------- TOTALP ---
POOL RESIDENCE TURNOVER
TIME RATIO
YRS -
2374

HYDRAULIC
OVERFLOW RESIDENCE
RATE TIME CONC
M/YR YRS MG/M3
7.97 4360 900.0 4.2122

NCE --- CONC EXPORT
%(l) CV MG/M3 KG/KM2

.0 .000 56.7 1.1
.0 .000 919 5
.0 .000 90.0 185
.0 .000 664.0 43

100.0 .500 50.0 30.0
.0 .000 851 .6
100.0 .020 82.8 .6
.0 .000 900.0 5.8
37587.7 6.477 900.0 -44.2
37587.2 .041 900.0 5.8
37687.2 .045 0 .0

RETENTION
COEF

-8.6616



GROSS MASS BALANCE BASED UPON 90% REDUCTION IN OBSEVED INFLOW CONCENTRATIONS

COMPONENT: TOTAL N
----- LOADING ---- --- VARIA

ID T LOCATION KG/YR %(l) KG/YR**2
11 NE_INLET 152.3 11.0 .000E+00
21 S_Inlet 772.1 55.7 .000E+00

3 1 UnGauged 24.3 1.8 .000E+00

4 4 Outlet 8068.5 582.3 .000E+00

437.0 31.5 477E+05
948.7 68.5 .000E+00
1385.7 100.0 .477E+05
8930.7 644.5 .000E+00
-55.5 -4.0 .129E+06
8875.2 640.5 .129E+06
-7489.5 -540.5 .177E+06

PRECIPITATION
TRIBUTARY INFLOW
**TOTAL INFLOW
GAUGED OUTFLOW
ADVECTIVE OUTFLOW
**TOTAL OUTFLOW
**RETENTION

-------------- TOTALN ---
POOL RESIDENCE TURNOVER
TIME RATIO
YRS -
.3581

HYDRAULIC
OVERFLOW RESIDENCE
RATE TIME CONC
M/YR YRS MG/M3
7.97 4360 2548.0 2.7924

CASE: Short Creek 2005 — 90%

OBSERVED AND PREDICTED DIAGNOSTIC VARIABLES
RANKED AGAINST CE MODEL DEVELOPMENT DATA SET
SEGMENT: 1 Short Crk Dam

----- VALUES ----- --- RANKS (%

VARIABLE OBSERVED ESTIMATED (-90%)
TOTALP MG/M3 900.00 93.53 99.9
TOTALN MG/M3 2548.00 353.47 92.8
C.NUTRIENT MG/M3 195.08 16.68 98.3
CHL-A MG/M3 800 1.14 418
SECCHI M 125 159 57.6
ORGANIC N MG/M3 2337.00 1368.57 99.9
TP-ORTHO-P MG/M3 85.00 4250 86.4
HOD-V MG/M3-DAY .00 3358 .0
MOD-V MG/M3-DAY .00 29.06 .0
ANTILOG PC-1  997.52 59.39 858
ANTILOG PC-2 581 271 423

(N - 150) / P 266 218 .3
INORGANICN/P 26 .02 .0
TURBIDITY 1/M .60 .60 49.3
ZMIX * TURBIDITY ~ 2.04 2.04 2858
ZMIX / SECCHI 2,72 214 167
CHL-A*SECCHI  10.00 1.81 48.9
CHL-A/TOTALP 01 .01 .0
FREQ(CHL-a>10) % 25.14 .01 .0
FREQ(CHL-a>20)% 3.69 .00 .0
FREQ(CHL-a>30)% .73 .00 .0
FREQ(CHL-a>40)% .18 .00 .0
FREQ(CHL-a>50) % .05 .00 .0
FREQ(CHL-a>60) % .02 .00 .0
CARLSON TSI-P 102.24 6959 .0
CARLSON TSI-CHLA 51.00 31.86 .0
CARLSON TSI-SEC  56.78 53.31 .0

NCE --- CONC EXPORT
%() CV MG/M3 KG/KM2

.000 2176 4.2
.000 269.2 1.5
.000 270.0 55.6

.000 2302.0 14.9

ocoooo

100.0 .500 1666.7 1000.0
.0 .000 259.3 1.8
100.0 .158 3535 2.6
.0 .000 2548.0 16.5
271.16.477 2548.0 -125.1
271.1 .041 2548.0 16.4
3711 056 0 .0

RETENTION
COEF

-5.4049

) —-

OBSERVED ESTIMATED



Appendix B
Flux Data and Analysis



Short Creek NE Inlet Site #385316 (Canadian portiomf watershed)

Short Creek 2005 NE Inlet
TABULATION OF MISSING DAILY FLOWS:

Flow File =385316_Q.wk1
Daily Flows from 20041231 to 20051230

Summary:
Reported Flows = 365

Missing Flows = 0
Zero Flows = 117
Positive Flows = 248

Short Creek 2005 NE Inlet VAR=nh3-4 ME

Comparison of Sampled & Total Flow Distributions
------ SAMPLED -----  ------- TOTAL ----

STRAT N MEAN STDDEV N MEAN STDD

1 21 195 258 365 .70 1.

#* 21 195 258 365 .70 1.

Average Sample Interval = 5.8 Days, Date Range =
Maximum Sample Interval = 28 Days, Date Range =
Percent of Total Flow Volume Occuring In This Inte

Total Flow Volume on Sampled Days = 41.0h
Total Flow Volume on All Days = 254.7 h
Percent of Total Flow Volume Sampled = 16.1%

Maximum Sampled Flow Rate = 8.82 hm3/yr
Maximum Total Flow Rate = 16.99 hm3/yr

Number of Days when Flow Exceeded Maximum Sampled

Percent of Total Flow Volume Occurring at Flow Rat
Maximum Sampled Flow Rate = 10.3%

THOD= 6 REG-3

EV DIFF TPROB(T)
74 125 -2.20 .037
74 125 -2.20 .037

20050305 to 20050704
20050416 to 20050515
rval = 20.3%

m3
m3

Flow = 2 out of 365
es Exceeding the



Short Creek 2005 NE Inlet VAR=nh3-4 ME

THOD=2QWTD C

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 266 8 8 4.8 .046 A
2 48 4 4 14.2 754 e
3 51 9 9 810 4.046 4.0
e 365 21 21 100.0 .698 1.9

FLOW STATISTICS

FLOW DURATION = 365.0 DAYS = .999 YEARS
MEAN FLOW RATE =  .698 HM3/YR

TOTAL FLOW VOLUME = .70 HM3

FLOW DATE RANGE =20041231 TO 20051230
SAMPLE DATE RANGE = 20050305 TO 20050704

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI

1 AV LOAD 50.4 50.4 .5109
2QWTDC 47.2 47.3  .4549
313C 49.0 49.0 .5623

4 REG-1 44.6 447 4470
5 REG-2 49.6 49.7 4473

6 REG-3 59.3 59.3 .1648

OW C/Q SLOPE SIGNIF
46 -.208 .709

81 4955 .186

77 -.362 .525

52

ANCE CONC (PPB) CV
E+03 7223 .448
E+03 67.71 .451
E+03 70.21 .484
E+03 63.98 .473
E+03 71.16 .426
E+04 85.03 .684



Short Creek 2005 NE Inlet VAR=no2+no3 ME

THOD=2QWTD C

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 266 8 8 4.8 .046 A
2 48 4 4 142 754 e
3 51 9 9 81.0 4.046 4.0
kx 365 21 21100.0 .698 1.9

FLOW STATISTICS

FLOW DURATION =  365.0 DAYS = .999 YEARS
MEAN FLOW RATE =  .698 HM3/YR

TOTAL FLOW VOLUME = .70 HM3

FLOW DATE RANGE =20041231 TO 20051230
SAMPLE DATE RANGE = 20050305 TO 20050704

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI

1 AV LOAD 119.0 119.1  .2259
2QWTDC 115.8 1159 .2035
313C 115.9 1159 .2064

4 REG-1 113.8 1139 .3612
5 REG-2 119.7 119.7 4716

6 REG-3 147.9 148.0 .1064

OW C/Q SLOPE SIGNIF
46 -410 .217

81 4.036 .158

77 .707 .337

52

ANCE CONC (PPB) CV
E+04 170.64 .399
E+04 166.04 .389
E+04 166.12 .392
E+04 163.16 .528
E+04 17159 .574
E+05 212.08 .697



Short Creek 2005 NE Inlet VAR=inorg-n ME

THOD=2QWTD C

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 266 8 8 4.8 .046 A
2 48 4 4 14.2 754 e
3 51 9 9 810 4.046 4.0
e 365 21 21 100.0 .698 1.9

FLOW STATISTICS

FLOW DURATION = 365.0 DAYS = .999 YEARS
MEAN FLOW RATE =  .698 HM3/YR

TOTAL FLOW VOLUME = .70 HM3

FLOW DATE RANGE =20041231 TO 20051230
SAMPLE DATE RANGE = 20050305 TO 20050704

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI

1 AV LOAD 169.4 169.5 .4003
2QWTDC 163.0 163.1  .3519
313C 164.8 164.9  .3905

4 REG-1 158.6 158.7  .4903
5 REG-2 168.3 168.4  .5875

6 REG-3 190.3 190.4 .1078

OW C/Q SLOPE SIGNIF
46 -.278 .494

81 4.442 .160

77 .314 .608

52

ANCE CONC (PPB) CV
E+04 242.88 .373
E+04 233.75 .364
E+04 236.33 .379
E+04 227.39 .441
E+04 241.37 .455
E+05 272.90 .545



Short Creek 2005 NE Inlet VAR=tkn ME THOD=5 REG-2

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 266 8 8 4.8 .046 A 46 -.036 .784

2 48 4 4 14.2 754 e 81 -.310 .624

3 51 9 9 810 4.046 4.0 77 -.367 .005

e 365 21 21 100.0 .698 1.9 52

FLOW STATISTICS

FLOW DURATION = 365.0 DAYS = .999 YEARS
MEAN FLOW RATE =  .698 HM3/YR

TOTAL FLOW VOLUME = .70 HM3

FLOW DATE RANGE =20041231 TO 20051230
SAMPLE DATE RANGE = 20050305 TO 20050704

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1 AV LOAD 1600.7 1601.8  .3010 E+05 229535 .108
2QWTDC 1406.0 1407.0  .8587 E+04 2016.16 .066
313C 1388.1 1389.0 .7257 E+04 1990.43 .061
4 REG-1 1415.5 14165 4173 E+04 2029.77 .046
5 REG-2 1403.0 1404.0 .3824 E+04 2011.80 .044

6 REG-3 1435.0 1435.9  .4298 E+04 2057.62 .046



Short Creek 2005 NE Inlet VAR=t-n ME

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS
STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 266 8 8 4.8 .046 A
2 48 4 4 14.2 754 e
3 51 9 9 810 4.046 4.0
e 365 21 21 100.0 .698 1.9

FLOW STATISTICS

FLOW DURATION = 365.0 DAYS = .999 YEARS
MEAN FLOW RATE =  .698 HM3/YR

TOTAL FLOW VOLUME = .70 HM3

FLOW DATE RANGE =20041231 TO 20051230
SAMPLE DATE RANGE = 20050305 TO 20050704

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 1719.8 1720.9  .4009
2QWTDC 1521.8 1522.9 1317

313C 1503.9 1505.0 .1210

4 REG-1 1530.7 1531.7 .8266
5 REG-2 1517.4 1518.5 .6860
6 REG-3 1556.9 1557.9 .8394

THOD= 5 REG-2

OW C/Q SLOPE SIGNIF
46 -.046 .726

81 -.150 .818

77 -.318 .025

52

ANCE CONC (PPB) CV
E+05 2466.00 .116
E+05 2182.20 .075
E+05 2156.55 .073
E+04 2194.89 .059
E+04 2175.88 .055
E+04 2232.42 .059



Short Creek 2005 NE Inlet VAR=t-d-p METHOD= 6 REG-3

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 266 8 8 4.8 .046 A 46 177 .606

2 48 4 4 14.2 754 e 81 -.138 .879

3 51 9 9 810 4.046 4.0 77 -.555 .042

e 365 21 21 100.0 .698 1.9 52

FLOW STATISTICS

FLOW DURATION = 365.0 DAYS = .999 YEARS
MEAN FLOW RATE =  .698 HM3/YR

TOTAL FLOW VOLUME = .70 HM3

FLOW DATE RANGE =20041231 TO 20051230
SAMPLE DATE RANGE = 20050305 TO 20050704

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1 AV LOAD 360.4 360.6 .1390 E+04 516.76 .103
2QWTDC 312.7 313.0 .1719 E+04 44845 .132
313C 305.6 305.8  .1499 E+04 43821 .127
4 REG-1 310.3 3105 .7521 E+03 444.99 .088
5 REG-2 313.0 3132 .7297 E+03 448.83 .086

6 REG-3 331.9 332.1 6611 E+03 475.93 .077



Short Creek 2005 NE Inlet VAR=t-p ME

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR
1
2
3

*kk

NQ NC NE VOL% TOTAL FLOW SAMPLED FL
266 8 8 4.8 .046 A
48 4 4 14.2 754 e
51 9 9 81.0 4.046 4.0

365 21 21 100.0 .698 1.9

FLOW STATISTICS

FLOW DURATION = 365.0 DAYS = .999 YEARS
MEAN FLOW RATE =  .698 HM3/YR

TOTAL FLOW VOLUME = .70 HM3

FLOW DATE RANGE =20041231 TO 20051230
SAMPLE DATE RANGE = 20050305 TO 20050704

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 428.8 429.1 2357
2QWTDC 375.9 376.1 .1561

313C 369.6 369.8  .1339
4 REG-1 372.9 373.1  .8557
5 REG-2 375.6 3759 7962

6 REG-3 395.5 395.8  .8359

THOD= 6 REG-3

OW C/Q SLOPE SIGNIF
46 161 .625

81 .082 .914

77 -442 .075

52

ANCE CONC (PPB) CV
E+04 614.82 .113
E+04 538.95 .105
E+04 529.96 .099
E+03 534.66 .078
E+03 538.57 .075
E+03 567.13 .073



Short Creek 2005 NE Inlet VAR=tss MET

HOD= 5 REG-2

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 266 8 8 4.8 .046 A
2 48 4 4 14.2 754 e
3 51 9 9 81.0 4.046 4.0
i 365 21 21 100.0 .698 1.9

FLOW STATISTICS

FLOW DURATION = 365.0 DAYS = .999 YEARS
MEAN FLOW RATE =  .698 HM3/YR

TOTAL FLOW VOLUME = .70 HM3

FLOW DATE RANGE =20041231 TO 20051230
SAMPLE DATE RANGE = 20050305 TO 20050704

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI

1 AV LOAD 4346.5 4349.5 4087
2QWTDC 3916.8 39195  .3837

313C 3897.0 3899.7  .3562

4 REG-1 3976.9 3979.6  .4182
5 REG-2 3907.1 3909.7  .2690
6 REG-3 3999.2 4001.9  .4533

Short Creek South Inlet Site #385314

Short Creek 2005 South Inlet

Comparison of Sampled & Total Flow Distributions
------ SAMPLED -----  ---—---- TOTAL ----
STRAT N MEAN STDDEV N MEAN STDD
1 37 545 6.84 365 2.87 5.
#* 37 545 6.84 365 2.87 5.

Average Sample Interval = 4.9 Days, Date Range =
Maximum Sample Interval = 12 Days, Date Range =
Percent of Total Flow Volume Occuring In This Inte

Total Flow Volume on Sampled Days = 201.8 h
Total Flow Volume on All Days = 1046.9 h
Percent of Total Flow Volume Sampled = 19.3%

Maximum Sampled Flow Rate = 22.69 hm3/yr
Maximum Total Flow Rate = 22.69 hm3/yr

Number of Days when Flow Exceeded Maximum Sampled

Percent of Total Flow Volume Occurring at Flow Rat
Maximum Sampled Flow Rate = .0%

OW C/Q SLOPE SIGNIF
46 -.269 .044

81 375 .344
77 -.144 312
52

ANCE CONC (PPB) CV
E+06 6232.62 .147
E+05 5616.40 .050
E+05 5588.02 .048
E+05 5702.55 .051
E+05 5602.45 .042
E+05 5734.51 .053

EV DIFF TPROB(T)
47 259 -2.23 .030
47 259 -2.23 .030

20050305 to 20050904
20050315 to 20050328
rval = 10.6%

m3
m3

Flow = 0 out of 365
es Exceeding the



Short Creek 2005 South Inlet VAR=nh3-4 ME THOD=2QWTDC
COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 268 17 17 6.3 .245 .6 11  -1.165 .004

2 33 8 8 88 2.801 2.5 18 1.733 .610

3 64 12 12 84.9 13.889 14.2 75 .186 .839

kx 365 37 37 100.0 2.868 54 55

FLOW STATISTICS

FLOW DURATION = 365.0 DAYS = .999 YEARS
MEAN FLOW RATE = 2.868 HM3/YR

TOTAL FLOW VOLUME = 2.87 HM3

FLOW DATE RANGE =20041231 TO 20051230
SAMPLE DATE RANGE = 20050305 TO 20050904

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1 AV LOAD 219.0 219.2 5167 E+04 76.41 .328
2QWTDC 206.1 206.3  .4800 E+04 7191 .336
31JC 206.6 206.7  .4939 E+04 72.07 .340
4 REG-1 237.9 238.1 .9165 E+04 82.99 .402
5 REG-2 256.5 256.7 .1908 E+05 89.49 .538

6 REG-3 374.4 3746  .3344 E+06 130.60 1.544



Short Creek 2005 South Inlet  VAR=n02+no3 MET

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS
STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 268 17 17 6.3 .245 .6
2 33 8 8 88 2.801 2.5
3 64 12 12 84.9 13.889 14.2
e 365 37 37 100.0 2.868 54

FLOW STATISTICS

FLOW DURATION = 365.0 DAYS = .999 YEARS
MEAN FLOW RATE = 2.868 HM3/YR

TOTAL FLOW VOLUME = 2.87 HM3

FLOW DATE RANGE =20041231 TO 20051230
SAMPLE DATE RANGE = 20050305 TO 20050904

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 304.4 304.6 .2093

2QWTDC 295.3 2955  .2007
313C 296.2 296.4 .2072

4 REG-1 311.2 3114  .2503
5 REG-2 326.2 326.4 .3536
6 REG-3 380.3 380.6  .1981

HOD=2QWTD C

OW C/Q SLOPE SIGNIF
11 -.098 .707

18 1.664 .585

75 -.202 .814

55

ANCE CONC (PPB) CV
E+05 106.20 .475
E+05 103.02 .479
E+05 103.34 .486
E+05 108.58 .508
E+05 113.81 .576
E+06 132.68 1.169



Short Creek 2005 South Inlet  VAR=inorg-n ME

THOD=2QWTD C

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 268 17 17 6.3 .245 .6
2 33 8 8 88 2.801 2.5
3 64 12 12 84.9 13.889 14.2
e 365 37 37 100.0 2.868 54

FLOW STATISTICS

FLOW DURATION = 365.0 DAYS = .999 YEARS
MEAN FLOW RATE = 2.868 HM3/YR

TOTAL FLOW VOLUME = 2.87 HM3

FLOW DATE RANGE =20041231 TO 20051230
SAMPLE DATE RANGE = 20050305 TO 20050904

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI

1 AV LOAD 523.4 523.8  .4564
2QWTDC 501.4 501.8  .4336
313C 502.8 503.1  .4472

4 REG-1 545.4 5458 .6140
5 REG-2 568.5 568.9  .1009
6 REG-3 737.9 738.4  .9601

OW C/Q SLOPE SIGNIF
11 -.764 .018

18 1.702 .594

75 .052 .949

55

ANCE CONC (PPB) CV
E+05 182.61 .408
E+05 174.93 .415
E+05 175.40 .420
E+05 190.27 .454
E+06 198.34 .558
E+06 257.43 1.327



Short Creek 2005 South Inlet  VAR=tkn ME

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS
STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 268 17 17 6.3 .245 .6
2 33 8 8 88 2.801 2.5
3 64 12 12 84.9 13.889 14.2
e 365 37 37 100.0 2.868 5.4

FLOW STATISTICS

FLOW DURATION = 365.0 DAYS = .999 YEARS
MEAN FLOW RATE = 2.868 HM3/YR

TOTAL FLOW VOLUME = 2.87 HM3

FLOW DATE RANGE =20041231 TO 20051230
SAMPLE DATE RANGE = 20050305 TO 20050904

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 8238.7 8244.4 6957
2QWTDC 7419.9 74250  .8094

313C 7428.3 7433.4  .8009
4 REG-1 7506.2 75114 9763
5 REG-2 7369.5 73745  .1009

6 REG-3 7448.4 7453.5 1012

THOD=2QWTD C

OW C/Q SLOPE SIGNIF
11 -.265 .027

18 .080 .874

75 .282 .051

55

ANCE CONC (PPB) CV
E+06 2874.25 .101
E+05 2588.61 .038
E+05 2591.54 .038
E+05 2618.71 .042
E+06 2570.99 .043
E+06 2598.54 .043



Short Creek 2005 South Inlet  VAR=t-n ME

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS
STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 268 17 17 6.3 .245 .6
2 33 8 8 88 2.801 2.5
3 64 12 12 84.9 13.889 14.2
e 365 37 37 100.0 2.868 54

FLOW STATISTICS

FLOW DURATION = 365.0 DAYS = .999 YEARS
MEAN FLOW RATE = 2.868 HM3/YR

TOTAL FLOW VOLUME = 2.87 HM3

FLOW DATE RANGE =20041231 TO 20051230
SAMPLE DATE RANGE = 20050305 TO 20050904

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 8543.1 8549.0 .7424
2QWTDC 7715.2 77205  .8279

313C 7724.6 7729.8 .8180

4 REG-1 7805.1 7810.5 .1119
5 REG-2 7668.2 7673.5 1214
6 REG-3 7758.5 7763.8 .1178

THOD=2QWTD C

OW C/Q SLOPE SIGNIF
11 -.263 .030

18 .146 .820

75 .290 .043

55

ANCE CONC (PPB) CV
E+06 2980.45 .101
E+05 2691.62 .037
E+05 2694.87 .037
E+06 2722.98 .043
E+06 267522 .045
E+06 2706.72 .044



Short Creek 2005 South Inlet  VAR=t-d-p ME

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS
STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 268 17 17 6.3 .245 .6
2 33 8 8 88 2.801 2.5
3 64 12 12 84.9 13.889 14.2
e 365 37 37 100.0 2.868 54

FLOW STATISTICS

FLOW DURATION = 365.0 DAYS = .999 YEARS
MEAN FLOW RATE = 2.868 HM3/YR

TOTAL FLOW VOLUME = 2.87 HM3

FLOW DATE RANGE =20041231 TO 20051230
SAMPLE DATE RANGE = 20050305 TO 20050904

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 2613.4 2615.2  .1487
2QWTDC 2358.0 2359.6  .7361

31JC 2360.5 2362.1 .7191
4 REG-1 2458.8 2460.5 .9126
5 REG-2 2377.6 2379.2  .9657

6 REG-3 2498.4 2500.1 1292

THOD=2QWTD C

OW C/Q SLOPE SIGNIF
11 -.733 .030

18 123 .899

75 731 .110

55

ANCE CONC (PPB) CV
E+06 911.75 .147
E+05 822.63 .115
E+05 82351 .114
E+05 857.81 .123
E+05 829.47 .131
E+06 871.62 .144



Short Creek 2005 South Inlet  VAR=t-p ME

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS
STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 268 17 17 6.3 .245 .6
2 33 8 8 88 2.801 2.5
3 64 12 12 84.9 13.889 14.2
e 365 37 37 100.0 2.868 54

FLOW STATISTICS

FLOW DURATION = 365.0 DAYS = .999 YEARS
MEAN FLOW RATE = 2.868 HM3/YR

TOTAL FLOW VOLUME = 2.87 HM3

FLOW DATE RANGE =20041231 TO 20051230
SAMPLE DATE RANGE = 20050305 TO 20050904

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI
1 AV LOAD 2928.2 2930.2  .1646
2QWTDC 2632.4 2634.2  .7805

313C 2633.9 2635.7 .7624
4 REG-1 2757.0 2758.9  .1038
5 REG-2 2670.8 26726  .1118

6 REG-3 2775.8 2777.7 1335

THOD= 3 1JC

OW C/Q SLOPE SIGNIF
11 -.718 .035

18 195 .835

75 .600 .144

55

ANCE CONC (PPB) CV
E+06 1021.55 .138
E+05 918.36 .106
E+05 918.91 .105
E+06 961.86 .117
E+06 931.75 .125
E+06 968.41 .132



Short Creek 2005 South Inlet  VAR=tss ME

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS
STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL

1 268 17 17 6.3 .245 .6
2 33 8 8 88 2.801 2.5
3 64 11 11 84.9 13.889 14.3
e 365 36 36 100.0 2.868 5.2

FLOW STATISTICS

FLOW DURATION = 365.0 DAYS = .999 YEARS
MEAN FLOW RATE = 2.868 HM3/YR

TOTAL FLOW VOLUME = 2.87 HM3

FLOW DATE RANGE =20041231 TO 20051230
SAMPLE DATE RANGE = 20050305 TO 20050904

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI

1 AV LOAD 21380.9 213955  .1887

2QWTDC 19182.8 191959  .1560

313C 19134.8 191479  .1540

4 REG-1 19846.9 19860.5 .1578
5 REG-2 19348.4 19361.6  .1535
6 REG-3 19014.7 19027.7  .1333

Short Creek South Outlet Site #385315
Short Creek 2005 Outlet

TABULATION OF MISSING DAILY FLOWS:

Flow File =385315_Q.wk1
Daily Flows from 20041231 to 20051230

Summary:
Reported Flows = 365
Missing Flows = 0

Zero Flows = 176
Positive Flows = 189

Short Creek 2005 Outlet VAR=inorg-n ME
Comparison of Sampled & Total Flow Distributions
------ SAMPLED -----  ------- TOTAL ----

STRAT N MEAN STDDEV N MEAN STDD
1 32 790 321 365 350 4.
Wk 32 790 3.21 365 350 4.

Average Sample Interval = 5.0 Days, Date Range =
Maximum Sample Interval = 14 Days, Date Range =
Percent of Total Flow Volume Occuring In This Inte

Total Flow Volume on Sampled Days = 252.8 h
Total Flow Volume on All Days = 1279.3 h
Percent of Total Flow Volume Sampled = 19.8%

Maximum Sampled Flow Rate = 13.70 hm3/yr
Maximum Total Flow Rate = 14.57 hm3/yr

Number of Days when Flow Exceeded Maximum Sampled

Percent of Total Flow Volume Occurring at Flow Rat
Maximum Sampled Flow Rate = 2.2%

THOD= 3 1JC

OW C/Q SLOPE SIGNIF
11 -499 .006

18 .036 .949

33 .106 .766

27

ANCE CONC (PPB) CV
E+08 7459.18 .203

E+08 6692.32 .206
E+08 6675.59 .205
E+08 6924.02 .200
E+08 6750.08 .202
E+08 6633.68 .192

THOD= 6 REG-3

EV DIFF TPROB(>T)
22 4.39 -7.22 .000
22 4.39 -7.22 .000

20050328 to 20050904
20050430 to 20050515
rval = 6.0%

m3
m3

Flow = 2 out of 365
es Exceeding the






Short Creek 2005 Outlet VAR=inorg-n

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 365 32 32100.0 3.505 7.8 99 .293 .304

kx 365 32 32100.0 3.505 7.8 99

FLOW STATISTICS

FLOW DURATION =  365.0 DAYS = .999 YEARS
MEAN FLOW RATE = 3.505 HM3/YR

TOTAL FLOW VOLUME = 3.50 HM3

FLOW DATE RANGE =20041231 TO 20051230
SAMPLE DATE RANGE = 20050328 TO 20050904

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1 AV LOAD 1594.7 1595.8  .5900 E+05 45530 .152
2QWTDC 707.6 708.1  .6633 E+04 202.03 .115
31JC 709.4 709.9 6725 E+04 202.54 .116
4 REG-1 557.6 558.0 .1126 E+05 159.21 .190
5 REG-2 689.1 689.6  .5479 E+04 196.76 .107

6 REG-3 712.6 7131  .6819 E+04 203.46 .116



Short Creek 2005 Outlet VAR=tkn

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 365 32 32100.0 3.505 7.8 99 -.152 .057
e 365 32 32 100.0 3.505 7.8 99

FLOW STATISTICS

FLOW DURATION = 365.0 DAYS = .999 YEARS
MEAN FLOW RATE = 3.505 HM3/YR

TOTAL FLOW VOLUME = 3.50 HM3

FLOW DATE RANGE =20041231 TO 20051230
SAMPLE DATE RANGE = 20050328 TO 20050904

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1AV LOAD 174215 174334  .1466 E+07 4973.97 .069
2QWTDC 7730.2 77355  .1116 E+06 2207.03 .043
313C 7721.8 7727.0  .1100 E+06 2204.62 .043
4 REG-1 8747.7 8753.7 .3393 E+06 2497.54 .067
5 REG-2 8015.7 8021.2  .1423 E+06 2288.56 .047

6 REG-3 7858.5 7863.9 .1175 E+06 2243.67 .044



Short Creek 2005 Outlet VAR=t-n

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 365 32 32100.0 3.505 7.8 99 -.128 .081
kx 365 32 32100.0 3.505 7.8 99

FLOW STATISTICS

FLOW DURATION = 365.0 DAYS = .999 YEARS
MEAN FLOW RATE = 3.505 HM3/YR

TOTAL FLOW VOLUME = 3.50 HM3

FLOW DATE RANGE =20041231 TO 20051230
SAMPLE DATE RANGE = 20050328 TO 20050904

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1AVLOAD  18188.3  18200.8 .1619 E+07 5192.91 .070
2QWTDC 8070.5 8076.0  .9805 E+05 2304.18 .039
31JC 8063.3 8068.9 .9641 E+05 2302.15 .038
4 REG-1 8954.8 8960.9 .2752 E+06 2556.65 .059
5 REG-2 8307.6 8313.3  .1229 E+06 2371.90 .042

6 REG-3 8180.7 8186.3  .1092 E+06 2335.67 .040



Short Creek 2005 Outlet VAR=t-d-p

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 365 32 32100.0 3.505 7.8 99 -522 .011
kx 365 32 32100.0 3.505 7.8 99

FLOW STATISTICS

FLOW DURATION = 365.0 DAYS = .999 YEARS
MEAN FLOW RATE = 3.505 HM3/YR

TOTAL FLOW VOLUME = 3.50 HM3

FLOW DATE RANGE =20041231 TO 20051230
SAMPLE DATE RANGE = 20050328 TO 20050904

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1 AV LOAD 4526.9 4530.0 .1890 E+06 1292.47 .096
2QWTDC 2008.7 2010.0 .3776 E+05 573.49 .097
31JC 2003.4 2004.8  .3728 E+05 571.98 .096
4 REG-1 3070.1 3072.2  .3749 E+06 876.52 .199
5 REG-2 2568.3 2570.0 .3035 E+06 733.26 .214

6 REG-3 2136.9 2138.4  .4357 E+05 610.11 .098



Short Creek 2005 Outlet VAR=t-p

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 365 32 32100.0 3.505 7.8 99 -476 .010
kx 365 32 32100.0 3.505 7.8 99

FLOW STATISTICS

FLOW DURATION =  365.0 DAYS = .999 YEARS
MEAN FLOW RATE = 3.505 HM3/YR

TOTAL FLOW VOLUME = 3.50 HM3

FLOW DATE RANGE =20041231 TO 20051230
SAMPLE DATE RANGE = 20050328 TO 20050904

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1 AV LOAD 5253.0 5256.6 .2195 E+06 1499.78 .089
2QWTDC 2330.8 2332.4  .4229 E+05 665.48 .088
31JC 2325.1 2326.7 .4169 E+05 663.82 .088
4 REG-1 3431.7 34341  .3566 E+06 979.79 .174
5 REG-2 2871.0 2873.0 .2479 E+06 819.69 .173

6 REG-3 2460.8 24625 4729 E+05 702.58 .088



Short Creek 2005 Outlet VAR=tss
TABULATION OF MISSING DAILY FLOWS:

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 365 31 31100.0 3.505 7.8 45 -.315 .087
e 365 31 31100.0 3.505 7.8 45

FLOW STATISTICS

FLOW DURATION = 365.0 DAYS = .999 YEARS
MEAN FLOW RATE = 3.505 HM3/YR

TOTAL FLOW VOLUME = 3.50 HM3

FLOW DATE RANGE =20041231 TO 20051230
SAMPLE DATE RANGE = 20050328 TO 20050904

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1AV LOAD 568850  56924.0 .3051 E+08 16241.12 .097
2QWTDC 254142 254316 .5125 E+07 7255.96 .089
313C 25362.7  25380.1 .5026 E+07 7241.25 .088
4 REG-1 327475  32769.9 5691 E+08 9349.67 .230
5 REG-2 28153.8  28173.1 .1970 E+08 8038.13 .158

6 REG-3 26371.8 26389.9 .7508 E+07 7529.37 .104



Short Creek 2005 Outlet VAR=nh3-4

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 365 32 32 100.0 3.505 7.8 99 -.099 .797
e 365 32 32 100.0 3.505 7.8 99

FLOW STATISTICS

FLOW DURATION = 365.0 DAYS = .999 YEARS
MEAN FLOW RATE = 3.505 HM3/YR

TOTAL FLOW VOLUME = 3.50 HM3

FLOW DATE RANGE =20041231 TO 20051230
SAMPLE DATE RANGE = 20050328 TO 20050904

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1 AV LOAD 827.9 828.4  .2069 E+05 236.36 .174
2QWTDC 367.3 367.6  .3105 E+04 104.88 .152
313C 367.8 368.1  .3162 E+04 105.01 .153
4 REG-1 398.1 398.4  .8227 E+04 113.67 .228
5 REG-2 375.2 375.4 1934 E+04 107.11 .117

6 REG-3 408.1 408.4  .3622 E+04 116.53 .147



Short Creek 2005 Outlet VAR=Nn02+no3

COMPARISON OF SAMPLED AND TOTAL FLOW DISTRIBUTIONS

STR NQ NC NE VOL% TOTAL FLOW SAMPLED FL OW C/Q SLOPE SIGNIF
1 365 32 32100.0 3.505 7.8 99 521 .071
kx 365 32 32100.0 3.505 7.8 99

FLOW STATISTICS

FLOW DURATION =  365.0 DAYS = .999 YEARS
MEAN FLOW RATE = 3.505 HM3/YR

TOTAL FLOW VOLUME = 3.50 HM3

FLOW DATE RANGE =20041231 TO 20051230
SAMPLE DATE RANGE = 20050328 TO 20050904

METHOD MASS (KG) FLUX (KG/YR) FLUX VARI ANCE CONC (PPB) CV
1 AV LOAD 766.9 767.4 1928 E+05 218.94 .181
2QWTDC 340.3 3405 .2376 E+04 97.15 .143
31JC 341.6 341.8  .2430 E+04 97.52 .144
4 REG-1 222.8 223.0 .2387 E+04 63.62 .219
5 REG-2 329.2 329.4 .1876 E+04 9398 .131

6 REG-3 330.8 3311 .1952 E+04 94.45 133
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EPA REGION VIII TMDL REVIEW

TMDL Document Info:

Document Name: Nutrient and Dissolved Oxygen TMDLg$or Short Creek
Dam in Burke County, North Dakota

Submitted by: Mike Ell, North Dakota Department of Health

Date Received: July 29, 2009

Review Date: August 25, 2009

Reviewer: Vern Berry, EPA

Rough Draft / Public Notice / | Public Notice Draft

Final Draft?

Notes:

Reviewers Final Recommendation(s) to EPA Administréused for final review oniy
[ ] Approve
[ ] Partial Approval
[ ] Disapprove
[ ] Insufficient Information
Approval Notes to Administrator:

This document provides a standard format for EP§iéte8 to provide comments to state TMDL
programs on TMDL documents submitted to EPA fdnesiformal or informal review. All TMDL

documents are evaluated against the minimum sulimissquirements and TMDL elements identified in

the following 8 sections:

1. Problem Description
1.1. TMDL Document Submittal Letter
1.2. Identification of the Waterbody, Impairments, artiddy Boundaries
1.3. Water Quality Standards
2. Water Quality Target
3. Pollutant Source Analysis
4. TMDL Technical Analysis
4.1. Data Set Description
4.2. Waste Load Allocations (WLA)
4.3. Load Allocations (LA)
4.4. Margin of Safety (MOS)
4.5. Seasonality and variations in assimilative capacity
Public Participation
Monitoring Strategy
Restoration Strategy
Daily Loading Expression

©No O

Under Section 303(d) of the Clean Water Act, waidibs that are not attaining one or more water

quality standard (WQS) are considered “impaired/hen the cause of the impairment is determined to

be a pollutant, a TMDL analysis is required to assbe appropriate maximum allowable pollutant

loading rate. A TMDL document consists of a techhanalysis conducted to: (1) assess the maximum
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pollutant loading rate that a waterbody is ablagsimilate while maintaining water quality standard
and (2) allocate that assimilative capacity amdmgkinown sources of that pollutark well written
TMDL document will describe a path forward that nieeyused by those who implement the TMDL
recommendations to attain and maintain WQS.

Each of the following eight sections describesfntors that EPA Region 8 staff considers when
reviewing TMDL documents. Also included in eachtgm is a list of EPA’S minimum submission
requirements relative to that section, a brief samynof the EPA reviewer’s findings, and the reviewe
comments and/or suggestions. Use of the verb “nmusgite minimum submission requirements denotes
information that is required to be submitted beeatselates to elements of the TMDL required by th
CWA and by regulation. Use of the term “should”dyeldenotes information that is generally necessary
for EPA to determine if a submitted TMDL is apprbia

This review template is intended to ensure compbanith the Clean Water Act and that the reviewed
documents are technically sound and the conclusitmgechnically defensible.

1. Problem Description

A TMDL document needs to provide a clear explamatibthe problem it is intended to address.
Included in that description should be a definifpagtrayal of the physical boundaries to which the
TMDL applies, as well as a clear description ofithpairments that the TMDL intends to address and
the associated pollutant(s) causing those impaitsnéivhile the existence of one or more impairment
and stressor may be known, it is important thairaprehensive evaluation of the water quality be
conducted prior to development of the TMDL to erstivat all water quality problems and associated
stressors are identified. Typically, this stepasducted prior to the 303(d) listing of a waterpod
through the monitoring and assessment program.dé&bignated uses and water quality criteria for the
waterbody should be examined against availabletdateovide an evaluation of the water quality
relative to all applicable water quality standartfsas part of this exercise, additional WQS eofs are
discovered and additional stressor pollutantsdegtified, consideration should be given to corentty
evaluating TMDLs for those additional pollutant§it is determined that insufficient data is awadile to
make such an evaluation, this should be notedd DL document.

1.1 TMDL Document Submittal Letter

When a TMDL document is submitted to EPA requestimghal comments or a final review and
approval, the submittal package should includdtarl@entifying the document being submitted amel t
purpose of the submission.

Minimum Submission Requirements.

X A TMDL submittal letter should be included with &aEMDL document submitted to EPA requesting a fdrma
review.

XI The submittal letter should specify whether the TiMibcument is being submitted for initial reviewdan
comments, public review and comments, or finaleevand approval.

[0 Each TMDL document submitted to EPA for final reviend approval should be accompanied by a submittal
letter that explicitly states that the submittahifnal TMDL submitted under Section 303(d) of tbiean Water
Act for EPA review and approval. This clearly edities the State's/Tribe's intent to submit, and'EButy to
review, the TMDL under the statufehe submittal letter should contain such identifyinformation as the
name and location of the waterbody and the polt(gaof concern, which matches similar identifying
information in the TMDL document for which a reviésvbeing requested.
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Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : A draft version of the Short Creek Dam TMDL docurneas submitted to EPA for review
and comment via an email from Mike Ell, NDDoH oryJ29, 2009. The email included a public notice
letter inviting comments on the draft TMDL.

COMMENTS: None.

1.2 Identification of the Waterbody, Impairments, and Study Boundaries

The TMDL document should provide an unambiguousgiietson of the waterbody to which the TMDL
is intended to apply and the impairments the TMBIntended to address. The document should also
clearly delineate the physical boundaries of thtevimdy and the geographical extent of the watershe
area studied. Any additional information needetidgdhe TMDL document back to a current 303(d)
listing should also be included.

Minimum Submission Requirements:

X The TMDL document should clearly identify the padint and waterbody segment(s) for which the TMDL is
being established. If the TMDL document is subexitto fulfill a TMDL development requirement for a
waterbody on the state’s current EPA approved 30&f the TMDL document submittal should clearly
identify the waterbody and associated impairmerttshey appear on the State's/Tribe's current &ippoved
303(d) list, including a full waterbody descriptiassessment unit/waterbody ID, and the prioritkirg of the
waterbody. This information is necessary to enthaethe administrative record and the nationaDIM
tracking database properly link the TMDL documentite 303(d) listed waterbody and impairment(s).

X One or more maps should be included in the TMDLudioent showing the general location of the waterbody
and, to the maximum extent practical, any othetufes necessary and/or relevant to the understamdithe
TMDL analysis, including but not limited to: wateesd boundaries, locations of major pollutant sosirogajor
tributaries included in the analysis, location afrpling points, location of discharge gauges, lase patterns,
and the location of nearby waterbodies used toigeosurrogate information or reference conditio@sear and
concise descriptions of all key features and tredationship to the waterbody and water qualityadsdtould be
provided for all key and/or relevant features regresented on the map

X If information is available, the waterbody segmienivhich the TMDL applies should be identified/geo-
referenced using the National Hydrography Datdsel). If the boundaries of the TMDL do not corresg
to the Waterbody ID(s) (WBID), Entity ID informaticor reach code (RCH_Code) information should be
provided. If NHD data is not available for the editody, an alternative geographical referencingesyshat
unambiguously identifies the physical boundariewlhich the TMDL applies may be substituted.

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : Short Creek Dam (reservoir) is located in Burke @gun northwestern North Dakota
(approximately 6 miles north of the city of ColunsbiNorth Dakota). It is an 108.1 acre man-made
impoundment in the Upper Souris sub-basin of tha&iSd&iver basin of North Dakota (HUC 09010001).
It was created by damming Short Creek and was ateghin 1962. Short Creek Dam is listed on the
State’s 2008 303(d) lisNO-09010001-001-L_0pas impaired for aquatic life use by
nutrients/eutrophication/biological indicators,shb/ed oxygen and sedimentation/siltation, and
recreational use by nutrients/eutrophication/bialabindicators. Approximately 133,600 acres efda
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drain to the reservoir from the watershed. Itassified as a Class 1 cold water fishery, anisied as a
high priority (i.e., 1A) for TMDL development. Thaajority of the land use in this watershed is
agricultural (approximately 97 percent). Fortyefigercent of the land in the watershed croplands@nd
percent is pasture/haylands. The remaining lanifude watershed is low density development.

COMMENTS: None.

1.3 Water Quality Standards

TMDL documents should provide a complete descniptibthe water quality standards for the
waterbodies addressed, including a listing of thgighated uses and an indication of whether the aree
being met, not being met, or not assessed. I6mdated use was not assessed as part of the TMDL
analysis (or not otherwise recently assessedjjabaments should provide a reason for the lack of
assessment (e.g., sufficient data was not avaitglitds time to assess whether or not this detegnase
was being met).

Water quality criteria (WQC) are established asmponent of water quality standard at levels
considered necessary to protect the designatedagsigmed to that waterbody. WQC identify
quantifiable targets and/or qualitative water gyajoals which, if attained and maintained, arended

to ensure that the designated uses for the watgr@oedprotected. TMDLs result in maintaining and
attaining water quality standards by determinirgdbpropriate maximum pollutant loading rate totmee
water quality criteria, either directly, or througlsurrogate measurable target. The TMDL document
should include a description of all applicable wapeality criteria for the impaired designated used
address whether or not the criteria are beingregthinot attained, or not evaluated as part ohtiadysis.

If the criteria were not evaluated as part of thalgsis, a reason should be cited (e.g. insuffiaieta

were available to determine if this water qualitigerion is being attained).

Minimum Submission Requirements:

X The TMDL must include a description of the applieaBtate/Tribal water quality standard, includihg t
designated use(s) of the waterbody, the applicaloeeric or narrative water quality criterion, ahe anti-
degradation policy. (40 C.F.R. §130.7(c)(1)).

XI The purpose of a TMDL analysis is to determineasgmilative capacity of the waterbody that coroes}s to
the existing water quality standards for that waaely, and to allocate that assimilative capacityveen the
significant sources. Therefore, all TMDL documemisst be written to meet the existing water quality
standardd$or that waterbody (CWA 8303(d)(1)(C)).

Note: In some circumstances, the load reductiomerdened to be necessary by the TMDL analysis mayep
to be infeasible and may possibly indicate thatekisting water quality standards and/or assessment
methodologies may be erroneous. However, the TWDét still be determined based on existing wataitityu
standards. Adjustments to water quality standamid/or assessment methodologies may be evaluated
separately, from the TMDL.

XI The TMDL document should describe the relationglgpwveen the pollutant of concern and the wateriyual
standard the pollutant load is intended to mediis information is necessary for EPA to evaluatethbr or
not attainment of the prescribed pollutant loadiwgkresult in attainment of the water quality istkard in
guestion.

X If a standard includes multiple criteria for thdlp@nt of concern, the document should demonsttattthe
TMDL value will result in attainment of all relatexliteria for the pollutant. For example, both tecand
chronic values (if present in the WQS) should berassed in the document, including consideration of
magnitude, frequency and duration requirements.
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Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : Short Creek Dam is impaired for nutrients/eutroptian/biological indicators and dissolved
oxygen. The North Dakota Department of Healthdearrative water quality standards that apply to
all surface waters of the state. The NDDoH nareastandards that apply to nutrients include:

“All waters of the state shall be free from substas attributable to municipal, industrial, or
other discharges or agricultural practices in cont@&tions or combinations which are toxic or
harmful to humans, animals, plants, or residentatmubiota.” (See NDAC 33-16-02-08.1.a.(4))

“No discharge of pollutants, which alone or in camdtion with other substances, shall:

1. Cause a public health hazard or injury to enwimental resources;

2. Impair existing or reasonable beneficial usethefreceiving waters; or

3. Directly or indirectly cause concentrations @flptants to exceed applicable standards of the
receiving waters.” (See NDAC 33-16-02-08.1.e.)

In addition to the narrative standards, the NDDH &gt a biological goal for all surface watershef t
state:
“The biological condition of surface waters shaél bimilar to that of sites or waterbodies
determined by the department to be regional refegesites.” (See NDAC 33-16-02-08.2.a.)

Currently, North Dakota does not have a numerigdsied for nutrients, however nutrient guidelines fo
lakes have been established. The nutrient guidefordakes are: NO3 as N = 0.25 mg/L; PO4 as P =
0.02 mg/L; and total phosphorus = 0.1 mg/L.

The numeric standard for dissolved oxygen &G&mg/L (single sample minimum).
Other applicable water quality standards are ireuon pages 14 - 15 of the TMDL report.

COMMENTS: None.

2. Water Quality Targets

TMDL analyses establish numeric targets that aeel tis determine whether water quality standards are
being achieved. Quantified water quality targetsrmpoints should be provided to evaluate eatddlis
pollutant/water body combination addressed by T, and should represent achievement of
applicable water quality standards and supporssbeated beneficial uses. For pollutants with eicn
water quality standards, the numeric criteria ameegally used as the water quality target. Foupsoits
with narrative standards, the narrative standaodlshbe translated into a measurable value. At a
minimum, one target is required for each pollutaatér body combination. It is generally desirable,
however, to include several targets that represemnievement of the standard and support of beaéfici
uses (e.g., for a sediment impairment issue it b@agppropriate to include a variety of targets
representing water column sediment such as TSSdaeness, stream morphology, up-slope conditions
and a measure of biota).

Minimum Submission Requirements:
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XI The TMDL should identify a numeric water qualitydat(s) for each waterbody pollutant combinatidine
TMDL target is a quantitative value used to measuhether or not the applicable water quality staddsa
attained.

Generally, the pollutant of concern and the numerater quality target are, respectively, the cheahiausing
the impairment and the numeric criteria for thaeafical (e.g., chromium) contained in the water gyal
standard. Occasionally, the pollutant of concesifferent from the parameter that is the subfgdhe
numeric water quality target (e.g., when the paliitof concern is phosphorus and the numeric waitedity
target is expressed as a numerical dissolved oxggaarion). In such cases, the TMDL should expldie
linkage between the pollutant(s) of concern, anutess the quantitative relationship between the TNdDget
and pollutant of concern. In all cases, TMDL tasgmust represent the attainment of current wateity
standards.

X When a numeric TMDL target is established to enshgeattainment of a narrative water quality critey the
numeric target, the methodology used to deternfisentimeric target, and the link between the pailutd
concern and the narrative water quality criteribaidd all be described in the TMDL document. Any
additional information supporting the numeric targed linkage should also be included in the docitme

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : The main water quality target for this TMDL is bdsmn interpretation of narrative
provisions found in State water quality standartsNorth Dakota, algal blooms can limit contactlan
immersion recreation beneficial uses. Also aldgabims can deplete oxygen levels which can affect
aqguatic life uses. Several algal species are deregl to be nuisance aquatic species. TSI measotem
can be used to estimate how much algal productiynauocur in lakes. Therefore, TSl is used as a
measure of the narrative standard in order to neterwhether beneficial uses are being met.

The mean total phosphorus TSI for Short Creek Daring the period of the assessment was 102.24.
Nutrient reduction response modeling was conduesigdBATHTUB, an Army Corps of Engineers
eutrophication response model. The results ofitbéeling show that a 90% reduction in phosphorus
loading to the reservoir will achieve a total phosus TSI of 69.59, which corresponds to a phosghor
concentration of 0.094 mg/L. This should resuldichange of trophic status for the reservoir from
hypereutrophic to eutrophic during all times of yle@ar. This target is based on best professional
judgement and will fully support its beneficial gse

The TMDL does not contain a target for sedimentlose the assessment concludes that the reservoir is
not impaired for sediment. The report recommeedsoving Short Creek Dam sediment as a cause of
impairment from the next Section 303(d) list.

The water quality targets used in this TMDL ar&intain a mean annual total phosphorus TSI at or
below 69.59 (TP concentration €©.094 mg/L); and maintain a dissolved oxygen levef greater than

or equal to 5 mg/L.

COMMENTS: None.
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3. Pollutant Source Analysis

A TMDL analysis is conducted when a pollutant lee#énown or suspected to be exceeding the loading
capacity of the waterbody. Logically then, a TMBhalysis should consider all sources of the pailuta
of concern in some manner. The detail provideithénsource assessment step drives the rigor of the
pollutant load allocation. In other words, it islyppossible to specifically allocate quantifiabdads or
load reductions to each significant source (or ®gategory) when the relative load contributiamfr
each source has been estimated. Therefore, thegmlload from each significant source (or source
category) should be identified and quantified ® teximum practical extent. This may be
accomplished using site-specific monitoring datadeating, or application of other assessment
techniques. If insufficient time or resources available to accomplish this step, a phased/adaptiv
management approach may be appropriate. The apsbauld be clearly defined in the document.

Minimum Submission Requirements:

XI The TMDL should include an identification of alleatially significant point and nonpoint sources!uf
pollutant of concern, including the geographicakltion of the source(s) and the quantity of thelilog, e.g.,
Ibs/per day. This information is necessary for BB A&valuate the WLA, LA and MOS components of the
TMDL.

X The level of detail provided in the source assesssteould be commensurate with the nature of thenshed
and the nature of the pollutant being studied. Wlitds possible to separate natural backgroumchfnonpoint
sources, the TMDL should include a descriptionathithe natural background loads and the nonpountce
loads.

XI Natural background loads should not be assumed thébdifference between the sum of known and dfieht
anthropogenic sources and the existingitu loads (e.g. measured in stream) unless it careb@ustrated that
all significant anthropogenic sources of the palfitof concern have been identified, characteriaad,
properly quantified.

X The sampling data relied upon to discover, charaeteand quantify the pollutant sources shoulihickided
in the document (e.g. a data appendix) along witbscription of how the data were analyzed to dtar&e
and quantify the pollutant sources. A discussiothefknown deficiencies and/or gaps in the dataseéttheir
potential implications should also be included.

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : The TMDL identifies the major sources of phospha@asi£oming from nonpoint source
agricultural landuses within the watershed. Tlaeeno known point source contributions in this
watershed. A nutrients loading analysis was peréar using the ANGPS model which looked at various
agricultural land use and land management factGrepland and range/pasture/haylands are the primar
sources identified.

COMMENTS: None.

4. TMDL Technical Analysis

TMDL determinations should be supported by a robasa set and an appropriate level of technical
analysis This applies t@ll of the components of a TMDL document. It is Wtainportant that the
technical basis foall conclusions be articulated in a manner that igyeasderstandable and readily
apparent to the reader.
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A TMDL analysis determines the maximum pollutargding rate that may be allowed to a waterbody
without violating water quality standards. The TMBnalysis should demonstrate an understanding of
the relationship between the rate of pollutant logdhto the waterbody and the resultant waterigual
impacts. This stress@ response relationship between the pollutant apaiment and between the
selected targets, sources, TMDLSs, and load allosatheeds to be clearly articulated and suppostehb
appropriate level of technical analysis. Everpefghould be made to be as detailed as possiudeioa
base all conclusions on the best available sciemtifnciples.

The pollutant loading allocation is at the hearthef TMDL analysis. TMDLs apportion responsibility
for taking actions by allocating the available askitive capacity among the various point, nonpcanid
natural pollutant sources. Allocations may be exped in a variety of ways, such as by individual
discharger, by tributary watershed, by source rd lase category, by land parcel, or other apprtgpria
scale or division of responsibility.

The pollutant loading allocation that will resuitachievement of the water quality target is exg@dsn
the form of the standard TMDL equation:

TMDL= LAs+ WLAs+MOS

Where:

TMDL = Total Pollutant Loading Capacity of the wdiedy

LAs Pollutant Load Allocations

WLAs Pollutant Wasteload Allocations

MOS = The portion of the Load Capacity allocaiethe Margin of safety.

Minimum Submission Requirements:

X A TMDL must identify the loading capacity of a weiedy for the applicable pollutant, taking into
consideration temporal variations in that capaciERA regulations define loading capacity as tleatgst
amount of a pollutant that a water can receive auitlviolating water quality standards (40 C.F.R3@2(f)).

X The total loading capacity of the waterbody shdddtlearly demonstrated to equate back to the faolidoad
allocations through a balanced TMDL equation. nstances where numerous LA, WLA and seasonal TMDL
capacities make expression in the form of an eqouatimbersome, a table may be substituted as biigsa
clear that the total TMDL capacity equates to tine ®f the allocations.

XI The TMDL document should describe the methodolagytachnical analysis used to establish and quyattef
cause-and-effect relationship between the numerget and the identified pollutant sources. In masyances,
this method will be a water quality model.

X Itis necessary for EPA staff to be aware of arspasptions used in the technical analysis to undegsand
evaluate the methodology used to derive the TMDuevand associated loading allocations. Theretboee,
TMDL document should contain a description of amportant assumptions (including the basis for those
assumptions) made in developing the TMDL, includbug not limited to:

(1) the spatial extent of the watershed in which thpaimed waterbody is located and the spatial exiént
the TMDL technical analysis;

(2) the distribution of land use in the watershed (audan, forested, agriculture);

(3) a presentation of relevant information affecting tharacterization of the pollutant of concern isd
allocation to sources such as population charatiesj wildlife resources, industrial activitieg et;
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(4) present and future growth trends, if taken intosideration in determining the TMDL and preparing
the TMDL document (e.g., the TMDL could include thesign capacity of an existing or planned
wastewater treatment facility);

(5) an explanation and analytical basis for expresgiagr MDL through surrogate measures, if
applicable. Surrogate measures are parametersasywrcent fines and turbidity for sediment
impairments; chlorophyt and phosphorus loadings for excess algae; lerfgiharian buffer; or
number of acres of best management practices.

X The TMDL document should contain documentation sujipg the TMDL analysis, including an inventory of
the data set used, a description of the methodalsegy to analyze the data, a discussion of streragtth
weaknesses in the analytical process, and thetsdsain any water quality modeling used. This infiation is
necessary for EPA to review the loading capacitgmheination, and the associated load, wasteloatipaargin
of safety allocations.

XI TMDLs must take critical conditions (e.g., steaow] loading, and water quality parameters, seaggnal
etc...) into account as part of the analysis of Ingdiapacity (40 C.F.R. 8130.7(c)(1) ). TMDLs shodédine
applicable critical conditions and describe therapph used to determine both point and nonpointcgou
loadings under such critical conditions. In patacuthe document should discuss the approachtosed
compute and allocate nonpoint source loadings, meteorological conditions and land use distrifuti

[0 Where both nonpoint sources and NPDES permittest gources are included in the TMDL loading allomat
and attainment of the TMDL target depends on rédanstin the nonpoint source loads, the TMDL documen
must include a demonstration that nonpoint sowadihg reductions needed to implement the loadations
are actually practicable [40 CFR 130.2(i) and 12@&.

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : In order to determine the cause and effect relatignbetween the water quality target and
the identified sources, various models and loadimglysis were utilized. The FLUX model was used to
facilitate the analysis and reduction of the trisytinflow and the reservoir outflow water qualitsta for
nutrients and sediment, as well as flow data inh @ut of Short Creek Dam. Output from the FLUX
program was then used as an input file to calitte@eBATHTUB eutrophication response model. The
BATHTUB model was used to evaluate and predicitifiects of various nutrient reduction scenarios,
and the subsequent eutrophication response in Sheek Dam reservoir.

The BATHTUB model was used to predict the tropleisponse of Short Creek Dam by reducing
exteranlly derived nutrient loads. Once the BATHBtodel is calibrated using the tributary load
estimates and the in-lake water quality estimabesmodel can predict the total phosphorus
concentrations, chlorophyll-a concentrations, dredSecchi disk transparency, and the associated TSI
scores, as a means of expressing trophic resp&isesphorus was used in the initial set of simoati
models based on its known relationship to eutrggilon, and because it is controable with the
implementation of watershed best management pesctBMPS). Simulated reductions were achieved
by reducing concentrations of phosphorus and retmdg the contributing tributaries by 25, 50 75 &6d
percent while keeping the hydraulic discharge aistThe BATHTUB model predicted that a 90%
reduction in external total phosphorus loads wae8lilt in attaining a eutrophic status in the resier

As a result of this modeling, the loading capafitythe reservoir was determined to be 324.5 kgfyr
phosphorus.

The Agricultural Non-Point Source Model (AGNPS) rebdias used to simulate alterations in land use
practices and the resulting nutrient reduction@asp. The primary objective for using the AGNPS
model were to: 1) evaluate nonpoint source coriobg within the watershed; 2) identify critical
pollutant source areas within the watershed; arel/8juate potential pollutant reduction estimates
achievable from implementation of various BMP sci&sa The results from the nutrient loading source
analysis identified 579 critical cells (i.e., thasigh greater than 0.5 Ibs of sediment phosphorsese-
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Figure 13 in the TMDL document) where BMPs showddapplied to achieve a 90 percent reduction in
phosphorus loading from the watershed.

The technical analysis also addresses the Shoek@am sediment listing. The analysis concludas th
the reservoir is not impaired by sediment, anditheftould be delisted from the state’s Section(8P3
list. Justification for this action is based ohtlie conclusion that the average total suspenoletks
(TSS) concentration in the tributary entering iStoort Creek Dam of 10.14 mg/L is not considered
harmful to fisheries; and 2) the conclusion that$bdiment accumulation rate in the reservoir it we
below the average sedimentation rate of typicarkesrs - based on calculations of sediment balamnck
accumulation rates in the reservoir compared to SRad literature values.

Improvements in the dissolved oxygen concentratidie lake can be achieved through reduction of
organic loading to the lake as a result of prop@&® implementation. The TMDL contains a linkage
analysis between phosphorous loading and low disdadxygen in lakes and reservoirs. It is anti@ga
that meeting the phosphorous load reduction tangghort Creek Dam will address the dissolved oryge
impairment.

There are no permitted point sources in the wageksio it's not necessary to fully document reaskenab
assurance demostrating that the nonpoint sourcinigsare practicable.

COMMENTS: None.

4.1 Data Set Description

TMDL documents should include a thorough descriptiad summary of all available water quality data
that are relevant tthe water qualityassessment and TMDL analysis. An inventory ofddia used for

the TMDL analysis should be provided to documenntflie record, the data used in decision making.
This also provides the reader with the opportutdtindependently review the data. The TMDL analysi
should make use of all readily available data lierwaterbody under analysis unless the TMDL writer
determines that the data are not relevant or apiptep For relevant data that were known but tegbc

an explanation of why the data were not utilizeousth be provided (e.g., samples exceeded holding
times, data collected prior to a specific date wereconsidered timely, etc...).

Minimum Submission Requirements:

X TMDL documents should include a thorough descripiad summary of all available water quality datt t
are relevant to the water quality assessment anDLT&halysis such that the water quality impairmets
clearly defined and linked to the impaired beneficises and appropriate water quality criteria.

XI The TMDL document submitted should be accompaniethé data set utilized during the TMDL analydi.
possible, it is preferred that the data set beigealin an electronic format and referenced indbeument. If
electronic submission of the data is not possibie data set may be included as an appendix tddtement.

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : The Short Creek Dam TMDL includes data summaryesbi Sections throughout the
document. The recent water quality monitoring w@sducted over the period from July 2004 to
September 2005.

COMMENTS: None.
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4.2 Waste Load Allocations (WLA):

Waste Load Allocations represent point source peariuloads to the waterbody. Point source loa€s ar
typically better understood and more easily moeticand quantified than nonpoint source loads.
Whenever practical, each point source should bengivseparate waste load allocation. All NPDES
permitted dischargers that discharge the pollutader analysis directly to the waterbody should be
identified and given separate waste load allocatidhe finalized WLAs are required to be incorpedat
into future NPDES permit renewals.

Minimum Submission Requirements:

X EPA regulations require that a TMDL include WLAs &l significant and/or NPDES permitted point stes
of the pollutant. TMDLs must identify the portioftbe loading capacity allocated to individual exig and/or
future point source(s) (40 C.F.R. §130.2(h), 40.R.B130.2(i)). In some cases, WLAs may cover ntoaa
one discharger, e.g., if the source is containghinva general permit. If no allocations are tanmede to point
sources, then the TMDL should include a value of Zer the WLA.

[ All NPDES permitted dischargers given WLA as pdrthe TMDL should be identified in the TMDL,
including the specific NPDES permit numbers, tlygiographical locations, and their associated weatk
allocations.

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : There are no permitted point sources in the Sha¢kCDam watershed. Therefore the
WLA for this TMDL is zero (see Table 16 in the TMRIocument).

COMMENTS: None.

4.3 Load Allocations (LA):

Load allocations include the nonpoint source, redf@nd background loads. These types of loads are
typically more difficult to quantify than point sae loads, and may include a significant degree of
uncertainty. Often it is necessary to group tHeads into larger categories and estimate the hopidites
based on limited monitoring data and/or modelirsyits. The background load represents a composite
of all upstream pollutant loads into the waterbottyaddition to the upstream nonpoint and upstream
natural load, the background load often includestrepm point source loads that are not given specif
waste load allocations in this particular TMDL ays#$. In instances where nonpoint source loadabesr
are particularly difficult to quantify, a performegrbased allocation approach, in which a detailed
monitoring plan and adaptive management strategjgiauployed for the application of BMPs, may be
appropriate.

Minimum Submission Requirements:

XI EPA regulations require that TMDL expressions idellLAs which identify the portion of the loadingpeity
attributed to nonpoint sources and to natural bamkgd. Load allocations may range from reasonattyiate
estimates to gross allotments (40 C.F.R. 8130.2(g)nd allocations may be included for both erigtand
future nonpoint source loads. Where possible, ibxtations should be described separately farraht
background and nonpoint sources.

X Load allocations assigned to natural backgrounddadould not be assumed to be the difference bettie
sum of known and quantified anthropogenic souroelsthe existingn situloads (e.g., measured in stream)
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unless it can be demonstrated that all signifieanthropogenic sources of the pollutant of concenretbeen
identified and given proper load or waste loadctmns

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : The Technical Analysis section of the TMDL descsib®w the phosphorus loading
capacity for the reservoir was derived. The logdiapacity was derived from the current loading, th
TSI target and the reduction response from the BAUB model. Most of the loading capacity was
allocated to nonpoint sources in the watershedisSiexpressed as the LA (292.05 kg/yr). Ten perce
of the loading capacity was allocated as an exptiairgin of safety (32.45 kg/yr).

COMMENTS: None.

4.4 Margin of Safety (MOS):

Natural systems are inherently complex. Any matherakrelationship used to quantify the stres®or
response relationship between pollutant loadingsrahd the resultant water quality impacts, noenatt
how rigorous, will include some level of uncertgiaind error. To compensate for this uncertainty an
ensure water quality standards will be attainadaggin of safety is required as a component of each
TMDL. The MOS may take the form of a explicit loalibcation (e.g., 10 Ibs/day), or may be implicitl
built into the TMDL analysis through the use of servative assumptions and values for the various
factors that determine the TMDL pollutant loc&dwater quality effect relationship. Whether explar
implicit, the MOS should be supported by an apgederevel of discussion that addresses the Idvel o
uncertainty in the various components of the TMBthhnical analysis, the assumptions used in that
analysis, and the relative effect of those asswnpton the final TMDL. The discussion should
demonstrate that the MOS used is sufficient to enthat the water quality standards would be atthih
the TMDL pollutant loading rates are met. In casbgre there is substantial uncertainty regardieg t
linkage between the proposed allocations and aehent of water quality standards, it may be necgssa
to employ a phased or adaptive management app(eathestablish a monitoring plan to determine if
the proposed allocations are, in fact, leadindnéodesired water quality improvements).

Minimum Submission Requirements:

X TMDLs must include a margin of safety (MOS) to amcbfor any lack of knowledge concerning the
relationship between load and wasteload allocatamswater quality (CWA 8303(d)(1)(C), 40 C.F.R.
§130.7(c)(1) ). EPA's 1991 TMDL Guidance expléimst the MOS may be implicit (i.e., incorporatetbithe
TMDL through conservative assumptions in the ang)ya explicit (i.e., expressed in the TMDL asdowys
set aside for the MOS).

[1 If the MOS is implicit the conservative assumptions in the analysisatedunt for the MOS should be
identified and described. The document should disevhy the assumptions are considered conservative
and the effect of the assumption on the final TMiallue determined.

X If the MOS is explicit the loading set aside for the MOS should be ifledt The document should
discuss how the explicit MOS chosen is relatedhéouncertainty and/or potential error in the linkag
analysis between the WQS, the TMDL target, anditi®L loading rate.

] If, rather than an explicit or implicit MOS, the TMDelies upon a phased approaactdeal with large
and/or unquantifiable uncertainties in the linkagalysis, the document should include a descripifahe
planned phases for the TMDL as well as a monitoplag and adaptive management strategy.

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

Page 12 of 16



SUMMARY : The Short Creek Dam TMDL includes an explicit MCSided by calculating 10 percent of
the loading capacity. The explicit MOS for the 8hereek Dam TMDL is 32.45 kg/yr.

COMMENTS: None.

4.5 Seasonality and variations in assimilative cajpdy:

The TMDL relationship is a factor of both the loaglirate of the pollutant to the waterbody and the
amount of pollutant the waterbody can assimilatk il attain water quality standards. Water gyal
standards often vary based on seasonal considesaticherefore, it is appropriate that the TMDL
analysis consider seasonal variations, such asatfitow periods (high flow, low flow), when
establishing TMDLs, targets, and allocations.

Minimum Submission Requirements:

X The statute and regulations require that a TMDlestablished with consideration of seasonal variatid he
TMDL must describe the method chosen for includiegsonal variability as a factor. (CWA 8303(d)(2)@D
C.F.R. 8130.7(c)(1) ).

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : Seasonality was adequately considered by evalutitengumulative impacts of the various
seasons on water quality and by proposing BMPscrabe tailored to seasonal needs.

COMMENTS: None.

5. Public Participation

EPA regulations require that the establishmentMDLs be conducted in a process open to the public,
and that the public be afforded an opportunityddipipate. To meaningfully participate in the TMD
process it is necessary that stakeholders, indudi@mbers of the general public, be able to unaledst
the problem and the proposed solution. TMDL doausishould include language that explains the
issues to the general public in understandablesteamwell as provides additional detailed technica
information for the scientific community. Notifitans or solicitations for comments regarding the
TMDL should be made available to the general publidely circulated, and clearly identify the pradu
as a TMDL and the fact that it will be submittedBBA for review. When the final TMDL is submitted
to EPA for approval, a copy of the comments reakigthe state and the state responses to those
comments should be included with the document.

Minimum Submission Requirements:
X The TMDL must include a description of the publarficipation process used during the developmetheef

TMDL (40 C.F.R. §130.7(c)(1)(ii).)

[1 TMDLs submitted to EPA for review and approval sldanclude a summary of significant comments ara th
State's/Tribe's responses to those comments.

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information
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SUMMARY : The TMDL includes a summary of the public partitipa process that has occurred. It
describes the opportunities the public had to belued in the TMDL development process. Copies of
the draft TMDL were mailed to stakeholders in tretevshed during public comment. Also, the draft
TMDL was posted on NDoDH'’s Water Quality Divisioretsite, and a public notice for comment was
published in state and local newspapers.

COMMENTS: None.

6. Monitoring Strategy

TMDLs may have significant uncertainty associatéithwhe selection of appropriate numeric targets an
estimates of source loadings and assimilative égpaln these cases, a phased TMDL approach may be
necessary. For Phased TMDLs, it is EPA’s expamiatiat a monitoring plan will be included as a
component of the TMDL document to articulate theangeby which the TMDL will be evaluated in the
field, and to provide for future supplemental d#état will address any uncertainties that may extstn

the document is prepared.

Minimum Submission Requirements:

XI When a TMDL involves both NPDES permitted pointma{s) and nonpoint source(s) allocations, and
attainment of the TMDL target depends on reductiarthe nonpoint source loads, the TMDL document
should include a monitoring plan that describesatihéitional data to be collected to determineéf fitad
reductions provided for in the TMDL are occurring.

[1 Under certain circumstances, a phased TMDL appro@hbe utilized when limited existing data aréert|
upon to develop a TMDL, and the State believesttimuse of additional data or data based on betigytical
techniques would likely increase the accuracy efitMDL load calculation and merit development ceagond
phase TMDL. EPA recommends that a phased TMDL ehecu or its implementation plan include a
monitoring plan and a scheduled timeframe for ievief the TMDL. These elements would not be ariristc
part of the TMDL and would not be approved by EBAt may be necessary to support a rationale for
approving the TMDL. http://www.epa.gov/owow/tmdItinclarification_letter.pdf

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : Short Creek Dam will be monitored once a waterslstbration plan is implemented and
will be conducted beginning two years after implatagon and extend until five years after the
implementation project is complete (i.e., for esethyear period).

COMMENTS: None.

7. Restoration Strategy

The overall purpose of the TMDL analysis is to dsiee what actions are necessary to ensure that the
pollutant load in a waterbody does not result itevguality impairment. Adding additional detail
regarding the proposed approach for the restorafievater quality is noturrently a regulatory
requirement, but is considered a value added coemaf a TMDL document. During the TMDL
analytical process, information is often gained thay serve to point restoration efforts in théatig
direction and help ensure that resources are spémt most efficient manner possible. For example
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watershed models used to analyze the linkage battixeepollutant loading rates and resultant water
quality impacts might also be used to conduct “wfiacenarios to help direct BMP installations to
locations that provide the greatest pollutant rédns. Once a TMDL has been written and approited,
is often the responsibility of other water quafitpgrams to see that it is implemented. The lefel
guality and detail provided in the restoration tetgy will greatly influence the future success ¢hiaving
the needed pollutant load reductions.

Minimum Submission Requirements:

[0 EPA s not required to and does not approve TMDhl@mentation plans. However, in cases where a VLA
dependent upon the achievement of a LA, “reasoregsarance” is required to demonstrate the negeksar
called for in the document is practicable). A dission of the BMPs (or other load reduction meagutet are
to be relied upon to achieve the LA(s), and programd funding sources that will be relied upomtplement
the load reductions called for in the document, im@yncluded in the implementation/restoration isecof the
TMDL document to support a demonstration of “readsa assurance”.

Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : The TMDL Allocation section of the TMDL documentindes a list of BMPs that are
recommended to meet the TMDL loads. NDDoH typicalbrks with local conservation districts or
other cooperators to develop and implement a prayggdementation plan after the TMDL has been
developed and approved.

There are no permitted point sources in the wagersbo it's not necessary to fully document reaslenab
assurance demostrating that the nonpoint sourcinigs.are practicable.

COMMENTS: None.

8. Daily Loading Expression

The goal of a TMDL analysis is to determine whdtas are necessary to attain and maintain WQS.
The appropriate averaging period that correspamtisis goal will vary depending on the pollutantian
the nature of the waterbody under analysis. Wieétsng an appropriate averaging period for a TMDL
analysis, primary concern should be given to thareeaof the pollutant in question and the achieveme
of the underlying WQS. However, recent federalegt® court decisions have pointed out that the titl
TMDL implies a “daily” loading rate. While the miobagppropriate averaging period to be used for
developing a TMDL analysis may vary according t® piollutant, a daily loading rate can provide aenor
practical indication of whether or not the overakded load reductions are being achieved. When
limited monitoring resources are available, a daiding target that takes into account the natural
variability of the system can serve as a usefutatdr for whether or not the overall load reducti@re
likely to be met. Therefore, a daily expressionhaf required pollutant loading rate is a requitsinent

in all TMDLs, in addition to any other load avenagiperiods that may have been used to conduct the
TMDL analysis. The level of effort spent to deyeltbe daily load indicator should be based on the
overall utility it can provide as an indicator fibie total load reductions needed.

Minimum Submission Requirements:

X The document should include an expression of th®Th terms of a daily load. However, the TMDL may
also be expressed in temporal terms other thay @ai., an annual or monthly load). If the docatne
expresses the TMDL in additional “non-daily” terthe document should explain why it is appropriate o
advantageous to express the TMDL in the additionélof measurement chosen.
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Recommendation:
X1 Approve [] Partial Approval[] Disapprove[] Insufficient Information

SUMMARY : The Short Creek Dam nutrient TMDL includes a daifypsphorus load expressed as 0.889
kg per day. The NDDoH believes that describingghesphorus load as an annual load is more realisti
and protective of the waterbody. Most phosphoaset eutrophication models use annual phosphorus
loads, and seasonality and unpredictable predipitgiatterns make a daily load unrealistic. EPA
recognizes that, under the specific circumstartbesstate may deem the annual load the most
appropriate timeframe (i.e., the TSI water quakinget is based on an interpretation of narratiggew
guality standards which naturally does not incladeaveraging period). EPA notes that the ShorelCre
Dam TMDL calculations for phosphorus include anragjmated daily load derived through simple
division of the annual load by the number of daya year This should be considered an “average” daily
load that typically will not match the actual phbepus load reaching the reservoir on a given day.

COMMENTS: None.
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